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STEREOSCOPIC OBSERVATIONS ON BINARY STARS. 





W. H. S. MONCK. 





For THE MESSENGER. 

Mr. A. A. Rambaut, in a paper which appeared in the 
Monthly Notices of the Royal Astronomical Society for 
March, 1890, shows that if we know the elements of the 
orbit of a binary star and the spectroscopic velocity of both 
componentsin the line of sight its parallax may becomputed 
by the formula 

V=A+Bcos (6 — 2) 


Where = is the parallax, V the relative velocity of the two 
components in the line of sight, and A and B have the fol- 
lowing values 
__ Jae sin 7 cos 4 
~ Pein~e 

la sin 7 
 —?pP vl—e 


Where / is the earth’s velocity in miles per second (which 
may be taken at 18.5), P is the period of the binary couple 
in years, 7 is the inclination, 4is the angle between the line 
of nodes and the major axis, and @ is the true anomaly at 
the date of the observation. 

.As it is rarely possible to obtain good spectroscopic obser- 
vations on the velocities of both components, I propose in 
the present paper to try how far this defect can be remedied 
by several observations made on the brighter component at 
different points of the orbit. For this purpose I assume that 
the proper motion of the binary pair in the line of sight does 
not change during the period over which the observations 
extend, and that the observed changes of velocity are conse- 
quently due to the orbital motion of the -principal star. 
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Now if v,, v, represent the orbital velocities of the two com- 
ponents in the line of sight, we have evidently 
V=y,+ 1, 
m 


But if m,, m, represent the masses of the pair, v, is = ay v; 


and V=(1+ —)v, which for brevity I write (1+ K)v,. 


It is clear that K isa positive quantity and that it is greater 
than unity unless the brighter star is really the smaller of 
the pair. 

If W’ — W” represent the observed velocities of the 
brighter star in the line of sight at two different dates, then 


- =e a pi a 
Ww’ — VW ey sy ces a 
or 
(1+ K)(W’—W”)=V’-—V” 
and hence 
7(1+ K)(W’—W”)=-:(V’—V”). 
But 


z(V’—V”)=B {cos (#” —’) —cos (0” —i)} 
and finally 


7 >) a m (cos (0 — 4) —cos (9 — 4) | 
a (1 + K) =B i a ce W’— WwW” \ (1) 


This equation enables us to determine the parallax if the 
ratio of the masses is known and the ratio of the masses if 
the parallax is known. But we can determine more than 
this. B being a constant, so far as the system is concerned, 
cos (¢° — 4) — cos (#’” —A) is greatest when W’ — W” is 
greatest. But the values which make the former expression 
greatest are evidently ¢=4 and 6=180 + 2, when its value 
is 2. Hence the greatest and least values of W must coincide 
with these values of ¢ or with the positions at which the 
star is at the node of its orbit. This affords a check on any 
computed orbit; and I mayadd that the period of the binary 
star can also be ascertained by the spectroscope since it will 
be the time which elapses beeween two maxima and two 
minima values of W, or indeed between any two equal 
values of WV unless W is increasing at one period and dimin- 
ishing at the other. 
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We can easily obtain a superior limit to the parallax of a 
binary star from the foregoing equations. Cos (@’ —’) — 
cos (#’” — 2) cannot be greater than 2, while 1 + K is 
greater than 2 unless the fainter star is really the larger. 
Hence = is always less than Wow” E ade When our observa- 
tions have progressed far enough we can give W’ — W” its 
maximum value in this expression. Until then we can com- 
pute the value of cos (# — 4) — cos (0 — 2) for the dates of 
the observations which give the maximum difference hither- 
to observed, and if C be this value, the parallax is less than 

4CB 
Ww — Ww" 

The following appears to be the simplest mode of deter- 
mining the proper motion of the star in the line of sight. 
Calling this proper motion x we have 

W—x= Y¥,. 

Hence 

W277, ..v° . oF 


Wrox 71> Vv" = 2 
W’—x _ A+ Bcos (# —4) 


W”—x A+Bcos (0” —%) 





Observing that A = Be cos 4, this becomes 


W’—x _ ecosi+cos (# —4) 


ee ay (2) 
W”—x ecos4+ cos (0” —2) 

Whence the value of x can be computed. 

I have supposed throughout that the star is disturbed by 
one satellite only. If there was a second satellite the motion 
of the principal star would be affected by it also, and the 
existence of an unknown satellite might be discovered by the 
impossibility of reconciling the spectroscopic measures of 
velocity with any computed orbit. This must be the case 
with Sirius if the Greenwich measures of spectroscopic veloc- 
ity are even approximately correct. These observations 
were necessarily made in the winter, and I give the means 
for each winter hitherto published with the number of obser- 
vations made, + indicating recession, and — approach. 
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Year. Miles per Second. Observations. 
1875—6 + 20.5 3 
1876—7 (+ 9.3) 1; Average of 3 years, 7 obs. -+ 20.6 
1877—8 4+ 25.2 3| 
1878—9 0 
1879—80 + 14.5 4 
1880—1 + 7.8 4 
1881—2 — 4.2 6 
1882—3 —- 3.8 ft 
1883—+4 — 19.7 13) F 
1884—5 — 21.5 6> Average of 3 years, 25 obs. —20.3 
1885—6 — 20.6 6} 
1886—7 — 8.2 5 
1887—8 (— 0.6) 2 (Observations very discordant.) 
1888—9 — 21.8 4 


These observations indicate that the maximum value of 
W’ — W” is over 40 miles per second, while the value of B 
probably does not exceed 3 (for the latest orbit—Mr. Gore’s 
—it is about 2.67), so that the parallax of Sirius on the 
principles already laid down would be less than , of a sec- 
ond. From direct measurements it seems probable that the 
parallax of the star is five times as great as this, and more- 
over the dates of the maximum and minimum values of W 
(hitherto observed) do not correspond with the nodes of 
any recognized orbit. The glare of the great star would ren- 
der it difficult to detect a close satellite, and if the inner sat- 
ellite passed one node about the year 1877, and the other 
about 1885, it must be a close one. Further spectroscopic 
observations on Sirius are much to be desired, and will prob- 
ably solve the mystery which surrounds its motions at pres- 
ent. 

The great value of spectroscopic measurements in the case 
of binary stars arises from the fact that they can be made 
when the pair are so close that the distance and position 
angle can only be measured with great difficulty, if at all. 
In such cases the value of 

cos(#’ — 2) — cos (0’” — A) 

i ae 
‘should still remain constant if the orbit is correct, and the 
value of 6’ can be computed from the elements of the orbit, 
while W” is directly observed. There are a good many in- 
stances in which the companion star is in this condition dur- 
ing a portion of its revolution, and here the spectroscope 
alone can tell us whether it is still where it has been com- 
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puted to be, or has wandered from the track. The compan- 
ion of Sirius seems hardly capable of being observed at 
present. Hence the utility of the spectroscope in that in- 
stance if applicable; but for the reason already mentioned I 
doubt whether it will give any decisive result. 

Another point which the spectroscope can clear up is 
which of the two planes equally inclined to the line of 
sight is the true plane of the orbit. The value of W will be 
increasing if the companion is moving in one of these planes 
at the time when it will be diminishing if the other plane is 
the true one. Two or three observations of W by the pho- 
tographic method will probably suffice to determine whether 
it is increasing or diminishing at any given time, and hence 
to determine the orbit-plane. 





PTOLEMY’S ARGUMENT AGAINST ROTATION OF THE EARTH. 


HARRIS HANCOCK.* 





For THE MESSENGER. 

Professor Newcomb having had occasion in his lectures on 
the History of Astronomy to bring up the fact that the idea 
of the rotation of the earth was not foreign to the ancients, 
at his suggestion I undertook a translation and comparison 
of those passages of the Greek and Latin editions of the 
Almagest, which bear on this point. It seems that this idea 
had gained sufficient weight to require, in Ptolemy’s estima- 
tion, a repudiation from himself, and he wrote the following 
passages with that intent: 

Almagest, pp. 19 and following. 

Now certain persons, since they think that nothing can be 
said in opposition to these views (i. e., that the earth ro- 
tates), agree to them and think that nothing will disprove 
them, if for the sake of argument they make the hypothesis 
that the heavens are without motion, but that the earth 
turns about its axis from the west to the east, making very 
nearly one turn in each day; or, if both of them move, then 
it is about one and the same axis, as we said, and in a way 
conformable to their mutual relations. But it has escaped 
their notice, so far as concerns the phenomenon of the stars, 





*Student at Johns Hopkins University 
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that nothing, probably, is opposed to the above mentioned 
statement, yet this idea appears most absurd in the light of 
what occurs around about us and in the air. For let us 
grant with them—what to be sure is contrary to nature— 
that the things, which are lightest and composed of the 
most subtle (opposed to compact, which follows) parts 
either don’t move at all, or with exactly the same motion as 
those of opposite nature. 

Then they must account for the fact that things in the air, 
even tho’ they be composed of heavier particles, yet, evident- 
ly move more swiftly than all those bodies, which are more 
terrestrial. Again let us grant, that the things which are 
heaviest, and which arecomposed of themost compact parts, 
have a peculiar motion of their own very rapid and con- 
stant. Then they must account for the fact, that the terres- 
rial things sometimes do not readily yield to impulse im- 
ported from without. In view of these facts they will be 
obliged to acknowledge that the revolution of the earth is 
far more rapid than the revolutions of all things that are 
around it; otherwise it could not make such a great revolu- 
tion in such a short while. Now if this is the case, all the 
bodies which are not affixed to it would always appear 
to be revolving in an opposite way to the earth, and neither 
a cloud, nor a bird, nor anything thrown would appear to 
gototheeast. For the earth would always get ahead of 
and anticipate their motion towards the east. Thus all the 
other bodies, with the exception, of course, of the earth, 
would appear to fall back towards the west. Now if they 
should say that the air is carried about by the earth in its 
revolution at the same rate of speed as itself, it is true that 
the bodies contained in the air would not have the same 
rapid rate of speed; or, if they should be carried about, as if 
they were one and the same body with the air, they would 
appear to have neither greater nor less speed than the at- 
mosphere, and would seem stationary; furthermore, if they 
should be flying, or if they should be thrown, they would 
not appear to make any motion of any kind. This is just 
what we see brought to pass, as though no retardation or 
acceleration were imparted to them by the fact that the 
earth does not stand still. 
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LIGHTNING SPECTRA. 
For THE MESSENGER. = 

To those readers of THE MESSENGER who are interested in 
spectroscopic work, I respectfully submit the following pre- 
liminary studies of the spectrum of lightning. I hope, how- 
ever, that they will bear in mind that the results thus far 
obtained, are far from being reliable, because of two ob- 
stacles—the instantaneous character of the phenomena, and 
the insufficiency of my instrumental means. The first can- 
not be remedied, the second is only a question of instru- 
mental character. 

The results I offer (and with some degree of hesitation), 
were obtained with the Browning direct vision spectro- 
scope, without scale of measurement, and was of small dis- 
persion. The bright lines set forth in the diagram, are mere 
eye estimates, and are, therefore, very unreliable from a sci- 
entific point of view. 





 - 3 - oS 9 78 


BRIGHT LINE SPECTRA OF LIGHTNING. 
JUNE 22, 1890. 


The diagram shows 25 bright lines, and were the results 
of one evening’s observation—previous observations being 
rejected because of the uniamiliarity with the use of the 
Browning in the study of lightning spectra, and for the fur- 
ther reason that the display of lightning on the evening 
referred to was the most brilliant and varied I have ever 
witnessed. I therefore rejected all previous notes, as being 
mere training lessons. 

It will be found, that two moderately bright lines lie in 
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the violet, one heavy bright line in the blue, and which I 
estimate to be the familiar F line, one brilliant line in the 
green (the coronial or auroral line?); one brilliant line on the 
yellowish green, a double line in the yellow—very brilliant 
(the sodium line?), a fainter but fairly broad line on the 
edge of the red, and two very bright lines in the center of the 
red, one of which I think is a hydrogen line—possibly both. 
The fainter bright lines lie approximately as shown in dia- 
gram. The intense flashes, those which usually do the dam- 
age during a storm, gave exceptionally faint continous 
spectra, and rarely more, than the lines number 3, 4 and 5. 
Heat lightning flashes gave the principal bright lines 1 to 
8, and the spaces between were occupied by a multitude of 
finer bright lines. The absorption band in the violet, men- 
tioned in my previous note to THE MESSENGER, occur- 
red in all bright flashes of heat lightning and in some cases 
I saw two such bands in the red, lying on either side of the 
pair 7 and 8. 

I will leave the determination of the records to some one 
interested, who can place the lines in their approximate posi- 
tion in wave length. 

It might be well to state that the line, which I judge to be 
the auroral line, was in all cases the most noticeable, and 
especially so in discharges of heat electricity which seemed 
to occur in the upper and more rarified strata of the air. 

A spectroscope containing an illuminated scale would, I 
think, be the proper and more correct method of viewing 
lightning spectra, and I hope persons possessing such may 
find time for this sort of investigation. 





MEETING OF THE ASTRONOMICAL SOCIETY OF THE PACIFIC. 





The Society met at Mt. Hamilton May 31, 1890, with a 
good attendance. After transacting the routine business 
the following papers were presented : 

a. The eclipse of Dec. 21, 1889, by Edward S. Holden. 

b. The Astronomical Society of Camden, New Jersey, by 
A. B. Depuy, secretary. 

c. Elements of Comet Brooks (March 19) by A. O. Leus- 
chner. 
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d. On the Criterion of Continuity of Functions of a Real 
Variable and on the Theorem of Mean Value, by Professor 
I. Stringham. 

e. Does the Color of a Star Indicate Its Age? by William 
M. Pearson. 

f; Remarks on the Mechanical Theory of the Corona, pre- 
viously proposed, by Professor J. M. Schaeberle. 

g. Note on the Definition, the Resolving Power, and the 
Accuracy of Microscopes and Telescopes, by Professor A. A. 
Michaelson. 

Owing to a lack of time only e and f were read. 

Mr. Pierson after presenting a table of the colors and of 
the magnitudes of stars known to be binary, and therefore 
presumably composed of the same elements, and after point- 
ing out that binaries of the same magnitude were of the 
same colors, while those of different magnitudes were of 
different colors said: 

‘“‘In all these binary systems, if the stars are of the same 
size, they are invariably of the same color; if, on the other 
hand, the magnitudes differ, the colors of the components 
differ in an approximately exact ratio, and where one of the 
members is smaller than the other, its color is invariably 
nearer the blue end of the spectrum than that of the larger. 
Thus if the larger is red, the smaller may be yellow or 
white; if the larger is yellowish or white, the smaller is 
green, or lilac, or blue; while no binary has ever been discov- 
ered where the larger star is blue or white, and its smalier 
companion yellow or red; or where the smaller was nearer 
the red end of the spectrum than its primary. 

Assuming then that two stars have the same nebulous 
origin, are exposed to the same conditions in space, that the 
smaller of the two is invariably of a hue farther removed 
from the red end of the spectrum than the larger, the ques- 
tion arises —which is the older? 7. e., which the more de- 
veloped from the original nebulous condition,—the larger or 
more nearly red, or the smaller or more nearly blue? 

If the bluer star be the hotter, and, therefore, the newer, 
or more recently emerged from its nebulous origin, then the 
smaller of the two bodies composed of the same elements 
and having a common origin, must be the hotter, which is 
not likely. . . . If, then, we are to apply to these binary 
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systems the laws of heat and of the cooling of masses; if we 
are to be guided by the analogies of our own solar system, 
and if it be not unreasonable to assume that the same laws 
operate in other systems, it would seem to follow that the 
smaller of two components of a binary star cannot be of a 
higher temperature than the larger, and, therefore, must be 
older in development from the nebulous stage. If this be so, 
then observation of the binary stars proves that the cooler 
the star the more its color tends toward the blue end of the 
spectrum. It would further seem to be a fair deduction from 
that conclusion that the tendency toward the blue in the 
color of any star, binary or independent, would indicate 
that the star is cooler and older, relatively, than the star 
whose hue tends towards the red or yellow.”’ 

In the discussion which followed Mr. Pierson adduced the 
cases of Algol and of Nova Cygni, etc., as giving further 
support to his thesis. 

Professor Schaeberle spoke of certain objections which had 
been raised against his mechanical theory of the Solar Cor- 
ona, and showed that they were all completely met by this 
theory. So far as he knew there was no phenomenon of the 
corona which was not completely and satisfactorily ex- 
plained by the hypothesis which he had proposed. The 
forthcoming eclipse report would contain what seemed to 
be a satisfactory demonstration of all points involved. 

Thirty-three new members were elected as below: 

Messrs. Babson (Cal.), Bailey (Miss.), Cameron (Nova 
Scotia), Chapin (Conn.), Charropin (Mo.), Chubbock 
(Mass.), Mrs. Thornburg-Cropper (Cal.), Messrs. Dyer 
(Cal.), Everett (Cal.); Mrs. Fillmore (Cal.), Dr. David Gill, 
F.R. S. (Cape of Good Hope), Messrs. Hemming (Minn.), 
Hirst (Cal.), Hooper (Maryland), Irish (Nevada), K6hl 
(Denmark), Loomis (Washington), Michaelson (Mass.), 
Miller (Cal.), Mrs. and Miss Morrill (Cal.), Messrs. Moor- 
man (Ia.), Nickerson (Cal.), Poor (Md.), Pritchett (Mo.), 
Sawyer (Cal.), Schott y Larios (Spain), Searle (D. C.), 
Smith (Me.), Talbot (Cal.), Tobin (Cal.), Warner (O.), Win- 
lock (D. C.) CHARLES BURCKHALTER, Secretary. 
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Notes on Some of the Double Stars Discovered at Washburn Observatory. 





S. W. BURNHAM. 





In the February number of THE SIDEREAL MESSENGER, 
Professor Comstock has called attention to apparent 
changes in the angles and distances of some of the double 
stars discovered by me in 1881 at the Washburn Observa- 
tory. That all measures of double stars, like other astro- 
nomical observations, are more or less erroneous requires no 
demonstration, but it is very doubtful if any doctoring, sys- 
tematic or other wise, can improve the results. This can 
only come from continued and painstaking practice with the 
micrometer. 

In the last month or two, I have re-measured a few of 
these pairs, principally with the 36-inch telescope, from 
which I make the following notes: 

The change in # 815 is due to proper motion, which 
amounts to about 0".15 annually in the direction of some- 
thing like 145°, assuming the motion to belong to the larger 
component. I measured this pair in 1889, and again during 
the present year. 

In the case of # 794 there appears to be considerable 
change in the angle, the distance remaining substantially 
the same. By measures on four nights with the 36-inch, I 
get 

P= 1i190°.9 D = 0".50 1890.35 


This is smaller than the Madison measure in 1889, but 20° 
larger than that found by mein 1881. The large telescope 
shows two other faint companions not before seen: 


A BandC P=71°8 D=5".71 1890.37 en 
A Band D 78 6 26 .73 1890.37 2n 


I have made a set of measures of 6 800. These do not 
agree very well in angle with the later Madison measures, 
and do not explain the apparent discrepancy in distance 
when compared with my first measures at the Washburn 
Observatory, assuming there is no error in the printed re- 
sults. The pair is a very easy one, even with the 12-inch, 
and the measures should be fairly accordant if the compo- 
nents are fixed. 
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I have had no opportunity yet to re-measure the other 
pairs cited, but hope to do so hereafter. In stars of this 
class decided change would be expected in many of them, 
and I am glad to know that the Madison telescope is being 
used in their re-measurement. 

Mt. Hamilton, June 3. 





The System of Zeta Cancri. 





MISS AGNES M. CLERKE. 





No feature of recent astronomical progress is more curious 
than the variety of ways in which the multiplicity of stellar 
combinations has been brought to light. By the analyzing 
power of great refractors, especially as used by Mr. Burn- 
ham, so many stars already divided have been still further 
broken up; so many apparently binary unions have been 
resolved into associations of partial systems, as to suggest 
that the process ceases only through the merging effects of 
distance from ourselves on the one hand, and of the mutual 
proximity of the conjoined suns on the other. Spectroscopic 
revelations—‘epoch-making”’ in character—of exceedingly 
close bright satellites to bright stars, circulating with great 
rapidity in periods of a few days, confirm this suspicion. 
Without undervaluing the prospects of future optical im- 
provement, it may be asserted that few or none of these can 
ever be rendered accessible to direct scrutiny. At their 
greatest elongations, the gap of space between them and 
their primaries makes, from our point of view, too thin a line 
for possible discernment. 

But the telescope may be baffled by lack of light, as well 
as by lack of room for observation. For aught it can tell 
non-luminous “‘stars’’ may, according to the conjecture of 
Laplace, strew the sidereal tracts as plentifully as luminous 
ones. The modern armory, however, is stocked with multi- 
form weapons of research. Partial eclipses of bright by 
opaque masses, alleged by Goodriche over a century ago, in 
explanation of the variability of Algol, have been ‘“‘spectro- 
graphically’? demonstrated to occur; and the periodical 
changes of radical velocity, detected by Professor Vogel, in 
April, 1890, in « Virginis, and suspected in Rigel, show that 
these stars also belong virtually to the Algol class, although 
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our situation is too far removed from their orbital planes to 
permit the visibility of occultations. 

The gravitational influence of unseen masses may also 
become sensible through disturbance of tangential move- 
ment, whether of the translatory, or of the circulatory kind, 
but under conditions opposite to those favoring ‘line-of- 
sight’? determinations. That is to say, the orbit of the 
disturbing body must be both spacious and highly inclined 
to the visual ray. Thus, the sinuosities of the track pur- 
sued across the sphere by Procyon would be imperceptible if 
greatly foreshortened; and the circumstance that the revo- 
lutions of ¢ Cancri are executed (as it would seem) in a 
plane differing little from the plane of projection, has alone 
rendered possible the discovery that a syetem visually triple 
is physically quadruple. 

The more distant companion at 5".5 was first noted by 
Tobias Mayer, in 1756, and Father Christian Mayer’s ob- 
servation of it at Mannheim, in 1778, already sufficed to 
show its retrograde motion. Herschel re-divided the larger 
star in 1781, and, from 1826 onwards, the trio were kept 
under pretty constant supervision. They proved, for a ter- 
nary combination, unusually mobile, the close couple A B 
mutually revolving in sixty years, their attendant C circling 
round their optical centre at the average rate of half a 
degree annally, but, with singular alternations of delay and 
acceleration, emphasized, too, by the peculiarity of an ap- 
proach to the centre at each epoch of arrested or inverted 
angular change, while retreat from it marked the intervals 
of swifter revolution. Dr. Otto Struve’s explanation* of 
these anomalies by the influence of an obscure mass in the 
immediate vicinity of the star C, has been fully confirmed by 
the researches of Professor Seeliger, in 1880 and 1889.7 
The looped path pursued by C results, there can be no 
reasonable doubt, from its circulation round an invisible 
close companion in a period of about eighteen years, at the 
same time that it describes a much wider ellipse round the 
pair A B. Since 1826, it has completed three subordinate 
revolutions, in an orbit of slight eccentricity, the semi-major 
axis of which subtends an angle of two-tenths of a second. 





* Comptes Rendus, t. Ixxix, p. 1463. 


+ Sitzungsberichte, Wien, Bd. 1xxxiii, Abth. 2, p. 1018; Denkschriften, Munich, 
Bd. xvii, Abth. 1. 
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The dark star D, meanwhile, revolves in the same period 
round the same centre, and at a distance from it, as Profes- 
sor Seeliger has shown, little if at all, greater than that of 
C. It cannot, then be much inferior, and may be greatly 
superior to itin mass. Yet it does not emit light enough to 
be discerned,even by Mr. Burnham, with the aid of the great 
Lick refractor. This example alone—and several others 
might be alleged—proves, with tolerable conclusiveness, 
that the differences in point of intrinsic brightness between 
the components of multiple stellar systems does not depend 
solely upon the swifter cooling of the smaller bodies. 

The system of £ Cancri, as we now know it, consists of 
four masses, closely associated, two and two together; and 
it has been demonstrated by Professor Seeliger, that in com- 
binations of this type, Kepler’s law of equal areas holds 
good for the elliptic movement of the centre of gravity of 
one pair around the centre of gravity of the other. Thus 
understood, it is obeyed, within the limits of observational 
error, by the stars in question. Their individual perturba- 
tions, however, constitute a problem in celestial dynamics 
which, in the actual state of science, can receive only an ap- 
proximate solution. Their gyrations are, nevertheless, for 
the present, sufficiently will represented by nearly circular 
tracks lying respectively in planes deviating little from the 
plane of projection. Should the larger mutual orbit of the 
circling pairs prove eventually to be similarly-shaped and 
situated, then the annus magnus of the system is about 720 
years; and all its movements, traced out before our eyes 
with insignificant foreshortening, are directed so as to favor 
to the utmost telescopic, but to preclude spectroscopic, 
determinations. But the record of observation must be 
greatly lengthened before the orbit of C round A B can pos- 
sibly be computed. 

The components of ¢ Cancri usually show a yellow color; 
but Dembowski found them all white, in 1855-57, and 
noticed, in 1864-65, an obvious change in C to yellowish 
or olive.* Their magnitudes, photometrically measured 
at Harvard College as respectively 5.6, 6.3, and 6.0, 
also perhaps fluctuate slightly, but not so as to disturb the 
order of their brightness. The star A always outshines 





*Astr. Nach-, No. 1574. 
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both B and C; while C, to a trifling extent, surpasses B. 
The proportion of their masses may, however, differ widely 
from the proportion of their light. Seeliger finds that the 
best agreement with observation is obtained by ascribing to 
C amass 2.37 times the combined masses of A and B; but 
until its period and mean distance have been computed, 
nothing can really be known on the point. 

Should the distance of the system from the earth prove 
measurable, absolute will be substituted for relative values 
of mass; but the prospect in this direction is not very en- 
couraging. The ‘‘ hypothetical parallax’’ of the couple A B, 
on Madler’s principle of assuming the two together to pos- 
sess the same attractive power with our sun, is about five- 
hundredths of a second, corresponding to a light journey of 
nearly sixty years; and since they are likely to be more 
massive, they are also likely to be more remote. Mass varies 
in the triplicate ratio of distance; an eight-fold mass implies 
a double distance, and so on. A small if not wholly evanes- 
cent parallax is also indicated by the secular proper motion 
of 15".2, common to the three stars. They appear to be of 
great intrinsic brilliancy. If of the solar mean density, the 
stars A B must shine with nine times the solar lustre. This 
is, indeed, only what we should expect from the quality of 
their light; but it is a matter for surprise that all the stars 
yet known to be attended by obscure satellites show Sirian 
spectra, and stand accordingly themselves at the very sum- 
mit of luminous intensity.—From Publications No. 9 Astro- 
nomical Society of the Pacific. 





ON A RE-DETERMINATION OF THE PRINCIPAL LINE IN THE 
SPECTRUM OF THE NEBULA IN ORION, AND ON 
THE CHARACTER OF THE LINE. 





WILLIAM HUGGINS, D.C. L., LL. D., F. R.S., AND MRS. HUGGINS. 


We think it desirable to put on record the results of a re- 
determination of the position of the principal line in the 
spectrum of the nebula of Orion, under the more favorable 
conditions of a higher position of the nebula, and of some 
improvements in the instrumental arangementss. The spec- 
troscopes have been furnished with new and sensibly per- 
fect object-glasses by Sir Howard Grubb, and a new bright 
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pointer has been fitted to the spectroscopes by Mr. Hilger, 
which is illuminated by a small incandescent lamp, of which 
the brightness is controlled by uitable sresistances. In all 
other respects the instrumental arrangements have re- 
mained unaltered. The same spectroscope, giving a dispers- 
ion of about four prisms, which was described in my paper 
of 1872 as spectroscope B,* and was used in the work on 
this line contained in my parer of 1874,7 and also through- 
out the work of last year, with the exception of one single 
confirmatory observation with amore powerful spectro- 
scope,t was employed in the present investigation, and also 
the same arrangements for the comparison spectrum from 
burning magnesium. 

In my earlier spectroscopic work I pointed out that a pos- 
sible parallactic error of the comparison spectrum may 
easily come in when a small reflecting prism is placed in the 
usual way before one-half of the slit ; and also the possibility 
of errors from the unavoidable flexure of the spectroscope 
or of its attachments to the telescope. In 1872 I adopted 
the plan of placing ‘“‘the spark or vacuum-tube within the 
telescope at a moderate distance from the slit. For this pur- 
pose holes were drilled in the telescope tube opposite to each 
other, at a distance of 2 feet 6 inches within the principal 
focus. Tubes were fixed by screws over these holes, and in 
these tubes slide suitable holders for carrying electrodes or 
vacuum tubes. The final adjustment was tested by the 
comparison of the bright lines of magnesium and the double 
line of sodium with the Frauenhofer lines b and D in the 
spectrum of the moon.’’§ 

I have since adopted an arrangement in which, when once 
adjusted, any sensible parallactic effect from a change of 
position of the source of light seems to be impossible, for 
even a minute motion of the spark or other source of light 
for comparison has the effect of throwing the light to one 
side, without the slit; so that, as long as the comparison 
spectrum is seen, there can be no doubt that the direction of 
the light for comparison, as it fell upon the slit, had re- 
mained invariably the same, relatively to the optical axis of 





* ‘Roy. Soc. Proc.,’ vol. 20, 1872, p. 382. 

+ ‘Roy. Soc. Proc.,’ vol. 22, 1874, p. 252. 

t ‘Roy. Soc. Proc.,’ vol. 46, 1889, pp. 50, 51. 
§ ‘Roy. Soc. Proc.,’ vol. 20, p. 382. 














XUM 





UM 








Spectrum of the Nebula in Orion. 305 





the telescope, and consequently to the celestial spectrum un- 
der observation. 

In the diagram, abcd represents a section of the telescope- 
tube near the middle of its length; within this is firmly 
screwed a thin steel arm, e, carrying a minute mirror, f 
This mirror is about a quarter of an inch in width, and of 
about the same apparent length, when seen fore-shortened 
from the slit. The mirror is fixed at a distance of 6 feet 6 
inches within the principal focus where the slit is placed. In 
the side of the tube opposite the face of the mirror is a small 
hole, through which the light from the collimator, g, passes 


. 3 








~~ 















2--6.6----T0 SLIT 


c ad 


on to the mirror. At the other end of the collimator, which 
has a length of about 7 inches, is a diaphragm with a small 
hole, h, before which the source of light, whether an induc- 
tion spark, a vacuum-tube, or burning magnesium is placed. 
The lens at g is so placed as to bring the light approximate- 
ly to focus at the place of the slit. 

It is obvious that with this arrangement an extremely 
small shift of the light before the hole, h, would be sufficient 
to cause the ray reflected from the mirror to go off the slit, 
and that the reflected light can pass into the slit only so 
long as its direction remains invariable relative to the opti- 
cal axis of the telescope. It is also obvious that any flexure 
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in the spectroscope, or in the tube connecting it to the tele- 
scope, would affect similarly the light from the nebula and 
from the magnesium. The precaution was taken, however, 
to so orient the spectroscope, that any flexure from the 
weight of the instrument would be in the direction of the 
length of the slit. 

The coincidence or otherwise of the direction of the light 
reflected from the little mirror with the optical axis of the 
telescope can be determined by comparing the spectrum of 
burning magnesium with bin the spectrum of the moon, or 
of the light of the sky. As an additional safeguard in the 
comparison of the spectrum of the nebula with magnesium, 
since my early observations had shown the nebular line to 
be very slightly more refrangible, the mirror was purposely 
so adjusted, that, though the lines of the burning magnes- 
ium were seen to fall upon the corresponding dark lines b in 
the moon or sky, yet acareful observation would show a 
very minute overlapping of the bright lines toward the blue. 
This state of things would diminish a little the interval 
which should be seen between the nebular line and the term- 
ination of the magnesium-flame band, and so make the ob- 
servation more difficult. It is evident that if under such cir- 
cumstances of adjustment the nebular line were seen on the 
more refrangible side of the magnesia band, the observation, 
being a delicate one, would be more trustworthy, for in the 
case of coincidence with magnesium the line would appear 
towards the opposite and less refrangibleside of the mag- 
nesia line, broadening the line towards the red (Joc. sit. p. 
49). 

The stability of this adjustment depends upon the rigidity 
of position of the little mirror within the telescope; as this 
weighs only the small fraction of an ounce, and is supported 
by a strong steel arm firmly attached by four screws to the 
steel tube of the telescope, there is an almost complete ab- 
sence of any chance of its displacement. During twelve 
months not the smallest alteration has been detected, 
though very careful examinations have been frequently 
made. , 

At the time the comparisons were made last year, namely, 
in March, the nebula was getting low, and from perhaps an 
excess of caution I described them as follows: ‘ Although I 
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consider the results to be satisfactory, I prefer to say that I 
and Mrs. Huggins, independently, believed fully at the time 
that we saw the appearance which all former observations 
of the line led me to expect, namely, the nebular line to fall 
within the termination of the magnesium band”’ (Joc. cit. 
p. 49.) 

This year the position of the nebular line within the termi- 
nation of the magnesia band has been confirmed by both of 
us independently on several nights. 

The more refrangible position of the nebular line relatively 
to the termination line of the MgO band has been ascer- 
tained not only by repeated comparisons of the two spectra 
by means of a suitably illuminated pointer, but also this 
year, as last year, by occasional moments of direct vision of 
the nebular line upon and within the magnesia band. It is 
only occasionally that the necessary relative brightness of 
the band can be secured, but such moments of direct vision 
of the two spectra are very trustworthy. 

On February 9th Professor Liveing made some observa- 
tions on the spectrum of the nebula, and I have his permis- 
sion to quote from the notes which he entered at the time in 
my observatory book. During the afternoon he examined 
the adjustments of the little mirror. His words are: ‘ Ob- 
served in Dr. Huggins’ spectroscope attached to his telescope 
the Fraunhofer lines b, as given by the clouds, and the 
bright lines of burning magnesium thrown in by reflection. 
The solar spectrum was but faint, so that it was necessary 
to use rather a wide slit. I observed a close coincidence be- 
tween the dark lines of the sky light and the bright lines of 
the burning magnesium; the two overlapped, but the dark 
lines extended a very little on the less refrangible side, the 
brightest line a little on the more refrangible side beyond the 
dark line.”’ 

In the evening he observed the nebula, and recorded his ob- 
servations in the following words: ‘‘ Observed the spectrum 
of the nebula in Orion, and compared the position of the 
least refrangible line with the magnesia fluting. The lat- 
ter was thrown in by reflection from burning magnesium. 
I put the nebular line on the pointer first, and then from 
time to time the magnesium was burnt. I made quite sure 
that the edge of the magnesia fluting was less refrangible 
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than the nebular line; repeated the observations several 
times. Tried to see both the nebular line and the fluting at 
the same time, but found it hard to see both at once, but I 
still came to the same conclusion, namely, that the edge of 
the fluting was less refrangible than the nebular line.”’ 

Afterwards Professor Liveing observed the third line of 
the nebula, together with Hf from a vacuum-tube. He says: 
‘‘Compared the position of the most refrangible of the neb- 
ular lines with the F line of hydrogen thrown in by reflec- 
tion from a vacuum-tube, the coincidence seemed perfect, as 
the one line fell upon the other.” 

We have since gone further, and attempted a quantitative 
estimation of the distance of the nebular line within the ter- 
mination of the band. For this purpose we made use of the 
minute apparent breadth of the illuminated pointer tip as a 
measuring unit. The value of this unit was determined by 
measuring withlit the distance of b, from b,in the solar 
spectrum. 

Independent estimations made by both of us on several 
occasions agreed in assigning to this distance, after taking 
into account the minute displacement of the comparison- 
spectrum by the little mirror towards the blue, 

A wave-length of about.................. 40001.5. 


Deducting this distance from 4 5006.5, the position of the 
termination of the band, we get for the nebular line 
A position of about................sseeeeee 4 5005.0. 


At the time of these observations the earth’s motion 
caused the nebular line to be degraded toward the red by 
about 4 0000.25. If, therefore, the great nebula has no mo- 
tion of its own, this interval must be deducted from the ob- 
served position of the nebular line, 

a ee 4 5004.75. 


The observations recorded in the paper of 1874* gave the 
position of the nebular line relatively to the fiducial lead line 
with an accuracy not less than 4 0000.5. This relative posi-_ 


* ‘Roy. Soc. Proc.,’ vol. 22,1874. This paper claims for the determination of 
the position of this line in the case of seven nebul# an accuracy sufficiently great 
to show a motion of twenty-five miles per second. This motion corresponds to 
abont A 0000.67, but as some of the nebule were more difficult to observe than 
the bright nebula in Orion, the accuracy of the determination of the line in this 
nebula may certainly be taken as not less than the amount given in the text, name- 
ly, A 0000.5. 
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tion was translated into wave-lengths in our paper on the 
Nebula (Joc. cit., p. 45), showing that the nebular line lies 
from about 4 5004.6 to about 5004.8. 

The question whether this nebula has a motion in the line 
of sight must be determined by comparisons of the third 
line with the corresponding bright line of a hydrogen 
vacuum-tube. The observations I recorded in 1874, as well 
as those of Mr. Maunder, of Greenwich (Joc. cit.), ‘‘show 
that the nebula has very little, if any, sensible motion in the 
line of sight.” 

The direct comparison was made on several nights with 
results similar to the observation that Professor Liveing re- 
corded on February 9, namely, that ‘‘ the coincidence seemed 
perfect as the one line fell upon the other.” 

We have endeavored to push this observation further, to 
determine if the coincidence was absolute, or whether there 
was a very minute overlapping of the edges of the two lines. 
The adjustment of the apparatus would throw the hydrogen 
line, to a very minute extent, towards the blue, at the same 
time that the earth’s motion would degrade the nebular 
line from the hydrogen line towards the red. 

The faintness of the third line with a narrow slit does not 
permit us to speak with absolute certainty as to the extent 
which the hydrogen seemed to overlap the nebular line to- 
wards the blue. 

We were quite certain that the hydrogen line did overlap 
the nebular slightly towards the blue, but we were unable 
to determine whether the overlapping corresponded accu- 
rately to the earth’s motion at the time of observation. It 
appeared to do so approximately, which would support my 
former conclusion, that the ‘‘nebula has very little, if any, 
sensible motion in the line of sight.”’ 


Part II. 


On the Character of the Principal Line in the Spectrum of 
the Nebula in Orion. 


In our paper last year (Joc. cit., p. 53) I stated that “‘my 
own observations of this line, since my discovery of it in 1864 
. show the line to become narrow as the slit is made 
narrow, and to be sharply and perfectly defined at both 
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edges.’ We gave also the corroborative evidence of two ac- 
curate observers who have made a special study of the spec- 
trum of gaseous nebulz, Professor Vogel and Dr. Copeland. 

Since last year the defining power of the spectroscopes has 
been improved by two new object glasses by Sir Howard 
Grubb. The nebular line has been subjected on several 
nights to a very searching examination with different 
widths of slit; and with different magnifving powers on two 
spectroscopes—the one with a single prism of 60°, the other 
the ‘‘ four-prism”’ spectroscope (Joc. cit., p. 49). F 

We came to the conclusion that a marked feature of this 
line is its sharply defined character on the more refrangible 
side, we were unable under any of the conditions of observ- 
ing to detect even a suspicion of any softening of the more 
refrangible edge of the line; much less the faintest indication 
of a ‘‘flare,’’ and certainly not the distinctive peculiarity of 
a “‘fluting.”’ 

In the case of observations with small dispersion, the eye 
is helped by placing the second line, which then appears near 
the first, behind a bar fixed in the eye-piece. 

Observations of the nebula in Orion by eye, as well as the 
photographs of Mr. Common and of Mr. Roberts, show 
numerous small irregularities in the brightness of the nebula, 
which give rise to a closely-mottled appearance. As the 
length of the slit takes in a considerable angular extent of 
nebula, several of these irregularities of brightness or ‘‘ mot- 
tlings”’ are usually included within it, giving to the nebular 
linesSan irregularly bright or blotchy appearance. As the 
nebula is allowed to pass over the slit this blotchy appear- 
ance is seen to vary in the size and in the number of the 
brighter patches, and also in their brightness relatively to 
the less luminous spaces between them. At the first glance, 
in some positions of the slit upon the nebula, the lines, and 
especially the principal line as the brightest, appear serrated 
at the edges. A little attention soon shows that this is a 
purely physiological effect due to the greater brightness of 
the patches, and that the brighter parts of the line do not 
really project beyond the less brilliant intervals between 
them. One marked character of this phenomenon is that 
both edges of the lines appear equally serrated, and that 
there is no indication of a spreading of the brighter patches 
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towards the blue only. It is easily ascertained that this 
more or less patchy condition is not peculiar to the principal 
line, for precisely the same patches can be detected in the 
other two lines, which can be seen to correspond in number 
and in position within the lines. 

These observations, repeated on several nights, have left 
no doubt in our minds that the principal line is certainly as 
sharp and as bright on the side towards the blue as on the 
less refrangible side. 

On February 9, Professor Liveing scrutinized the character 
of this line. His words are: ‘‘Observed the nebular line 
with various widths of slit. The line always appeared 
sharply defined on the more refrangible side, whether the slit 
were wide or narrow. On gradually closing the slit, the line 
fined down to a very fine line. The same appearance as to 
sharpness on the more refrangible side was observable with 
a spectroscopé of less dispersive power and with eye-pieces 
of low power as with the higher dispersion and greater 
magnification.” 

The observations recorded in this paper appear to us to 
show conclusively : 

(1.) That the principal line is not coincident with, but 
falls within, the termination of the magnesium-flame band. 

(2.) That in the nebula of Orion this line presents no ap- 
pearance of being a “‘ fluting.”’ 

It is scarcely needful to say that, in the face of the observ- 
ations recorded in this paper, we are not able to accept the 
conclusions of Professor Lockyer’s recent papers, namely: 
‘“‘On the Chief Line in the Spectrum of the Nebule,’”’ “ Note 
on the Spectrum of Orion,” and ‘Preliminary Note on 
Photographs of the Spectrum of the Nebula in Orion.’”’ We 
observe that Professor Lockyer confirms my statement 
made in 1874,* that the second line ‘‘is sensibly coincident 
with an iron wave-length 4957” (Thalén, 4 4956.8; Liveing 
and Dewar, 4 4956.9); and also that Professor Lockyer’s 
photographs confirm my photographs of 1882, 1888, and 
1889, in that it is a single strong line, and not a triplet, 
which appears in the ultra-violet region, and that this 
strong line is more refrangible than the first component of 
the magnesic oxide triplet.7 





* *Roy. Soc. Proc.,’ vol. 22, p. 252. 
+ ‘Roy. Soc. Proc.,’ vol. 46, p. 54. 
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1. Addendum on the Position of the Line. 


One of the planetary nebulae, in the spectra of which I 
found in my earlier comparisons with lead* in 1874, that the 
principal line had sensibly the same position as the corres- 
ponding line in the nebula of Orion was ¥. 5 (G. C. 4234). 
We have now compared again the principal line in this 
nebula with the lead line 4 5004.5 with the same spectro- 
scope (spectroscope B, 3 eye-piece) and an arrangement for 
the comparison spectrum similar to that described in the 
first part of this paper, but in which the small mirror has 
been replaced by a very small total reflecting prism. The 
correctness of position of the comparison spectrum was 
ascertained by repeated comparisons of the bright lines of 
magnesium at b with the corresponding dark lines in the 
sun’s light reflected from the sky. 

When in this spectroscope the spectrum of lead is observed 
together with that of burning magnesium, the lead line is 
seen to fall within, and to be separated by a clear space 
from, the terminal line of the magnesium-flame fluting. 

The principal line of ~. 5, like that of the nebula of Orion, 
appears when the slit is made narrow to be very thin and 
clearly defined at both edges. The lead line is a thin and 
defined line; if, therefore, the nebular line were coincident 
with the terminal line of the magnesium-flame fluting, it 
would appear in the spectroscope to be separated by a clear 
space from the lead line towards the red. As the angular 
diameter of the nebula is small, the line is much shorter than 
the lead line—not longer than about one-third of the height 
of the spectrum, and consequently its position relatively to 
the lead line, even when it falls partly upon it, can be very 
accurately determined. 

The nebular line was seen as a short thin bright line, part- 
ly upon, and partly clinging to, the lead line. The nebular 
in our instrument certainly fell upon the lead line, but over- 
lapped it a very little, though not so much as by half its 
breadth, on the less refrangible side. This position agrees 
precisely with that described in my early observations made 
nearly twenty years ago, when I employed for the first time 
lead as a fiducial comparison line.j As I stated in 1874, 


* ‘Roy. Soc. Rroc.,’ vol. 22, 1874, p. 254. 
+ ‘Roy. Soc. Proc.,’ vol. 22, p. 252. 
t Ibid. 
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‘““Tf the greater prism power could be brought to bear upon 
the nebule, the line in the lead spectrum would be found to 
be in a small degree more refrangible than the line in the 
nebula;’’ and, of course, if sufficient power of dispersion 
were employed, the nebular line would be seen separated 
from the lead line towards the red, and not as in our instru- 
ment, partly upon the lead line. 

These observations, both those by myself in 1874, and the 
recent observations made by both of -us independently on 
four different nights, place the nebular line exactly where it 
was found to be by our direct comparisons with burning 
magnesium with the nebula of Orion (which were confirmed 
by Professor Liveing), namely, as not coincident with, but 
as falling within, the terminal line of the magnesium-flame 
spectrum. 

It should be stated that on two nights we made compari- 
sons of ~. 5 with burning magnesium, both directly and in- 
directly by means of the illuminated pointer. The ‘observa- 
tions completely confirmed the’ results of the lead compari- 
sons, which were, however, more easily made, as it is diffi- 
cult to see the exact position of the short nebular line when 
it is upon the bright fluting. 


2. Addendum on the Character of the Line. 


I am permitted by Dr. Copeland, Professor Young, and 
Mr. Keeler, of the Lick Observatory, to quote the following 
observations which they have been so kind as to make at 
my request, of the character of the principal line in the spec- 
trum of the great nebula in Orion. 

Dr. Copeland writes, dated March 26, 1890: ‘‘I find it dif- 
ficult to make anything satisfactory of nebular spectra with 
my present apparatus, working in the smoke of Edinburgh. 
. . . On the 14th I saw the three lines as well as I am likely 
to see them until we get to work at the new Observatory. 
All the lines were just as broad as the slit; when the slit 
was wide open they were broad, and when the slit was 
closed slowly they gradually became narrower and _ nar- 
rower.”’ 

Professor Young, writing on March 21, 1890, says: “I 
have not been able this winter to try the observations for 
wave-length, having no convenience for the comparison spec- 
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trum, but I have carefully examined the spectrum of the 
nebula of Orion, both with a heavy glass prism, and with a 
grating of 14,000 to the inch, and a collimator of 16 inches 
focus. With the prism the brightest nebular line seemed ab- 
solutely sharp, and cleanly defined on both sides; with the 
grating the line was fainter, and I could not use so narrow 
a slit, the dispersion was much higher also; the line there- 
fore was a little hazy, but equally so on both sides. 

At the Lick Observatory there was a continuance of bad 
weather during the early months of the year, but Mr. 
Keeler, with Professor Holden’s kind permission, observed 
the nebula on two nights. He observed successively with 
one prism, a powerful compound prism, and then with a 
Rowland grating, 14,000 + lines to the inch. With this 
grating, the collimator was twenty inches in length, the ob- 
serving telescope 101% inches, with an eye-piece magnifying 
13.3 times. The slit was narrow,0.0025 inch. The spectra 
up to the fourth order were employed. 

Mr. Keeler says: One thing that struck me particularly, 
and that there could be no doubt of, was the perfect sharp- 
ness and fineness of the nebular lines under the very consid- 
erable dispersion used. There is not the least doubt in my 
mind that they are all of gaseous origin—not ‘remnants of 
flutings.”’ ° 

P: S. June15. Received a telegram from the Lick Observ- 
atory to say that Mr. Keeler has confirmed my position of 
the principal line of the spectrum of ~. 5. 





NOTE ON THE PHOTOGRAPHIC SPECTRUM OF THE GREAT 
NEBULA IN ORION. 





WILLIAM HUGGINS, D.C. L., LL. D., F. R. S., anD MRS. HUGGINS. 


From an examination of the photographs of the spectrum 
of the uebula in Orion taken by us in 1882, 1888, and 1889, 
we suggested in our paper ‘‘On the Spectrum, Visible and 
Photographic, of the Great Nebula in Orion,’’* “that the 
mottled and broken-up character of the nebular matter 
shown in Lord Rosse’s drawings from eye-observations, and 
much more strikingly brought out in the recent photographs 


* ‘Roy. Soc. Proc.,’ vol. 46, p. 42. 
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of Mr. Common and of Mr. Roberts, may be connected with 
differences of spectrum in the photographic region, though 
in the visible region there is no known alteration of the 
spectrum of the four bright lines, except it may be some 
small differences of relative brilliancy of the lines. Until next — 
winter we connot go beyond the new information which 
these photographs give to us.”’ 

Unfortunately, the neccessity thrown upon us of making a 
laborious redetermination of the position and character of 
the principal line in the visible spectrum, which has con- 
firmed in every point the results contained in our paper of 
last year (loc. cit.), has deprived us of the more favorable 
opportunities during the past season of carrying out our in- 
tention of photographing the spectrum of different parts of 
the nebula. 

We have obtained two photographs only, one taken on 
March 14th and 15th, and the other on March 17th; but 
these suggest how much information a spectroscopic exam- 
ination by photography of the nebula in detail would prob- 
ably give to us. 

These photographs taken of almost the same part of the 
nebula as the photograph of 1889 showed, to our surprise, 
the lines of hydrogen at h and at H strongly impressed upon 
the plate, though these lines were carefully searched for in 
vain in our former photographs; in them no trace of these 
lines could be detected, but the line near G was strong, and 
there was present a large number of faint lines of some of 
which the approximate measures were given in our paper. 

The new photographs show not only the lines of hydrogen 
at h and H, but also the first two lines of the ultra-violet 
series in the white stars which I described in 1879.* Four 
of these lines had been photographed in the spe¢trum of hy- 
drogen by Dr. H. W. Vogel, in 1879, and the entire series, 
with the exception of one, has been since obtained by Cornu 
in exceptionally pure hydrogen.+ 

The line a at 4 3887.8 is strong, and the next line # at 
3834.5, though much fainter, is certainly present. There is 
evidence of light-action on the plate at the position of the 
line 7 which we believe to be present; and we suspect, from 


* ‘Phil. Trans.,’ 1880, p. 669. 
t+ ‘Journal de Physique,’ 2nd ser., vol. 5, Aug., 1886. 
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traces of photographic action, that one or more of the other 
lines of the white star series might have come out with a 
longer exposure. 

It is not necessary to point out in the present note the im- 
portance of the presence of these more refrangible lines of 
hydrogen in respect of the view we have to take of the con- 
dition of things in the nebula. In this connection it is sig- 
nificant that the hydrogen lines are sensibly stronger and 
broader as the Trapezium with its stars is approached. 

Between the hydrogen lines « and # there is a line stronger 
even than 2, which has a wave-length of about 2 3868. 

We do not find any line in the photograph exactly at the 
place of the solar line K; the position of this line appears to 
correspond to a gap between two lines on the plate. We 
suspect the broad line on the less refrangible side of the place 
of K would probably be resolved by a narrower slit into 
two or more lines. 

The strong line which was first seen m our photograph of 
the nebula taken in 1882 is certainly stronger than Hy;, and 
is by far the most powerful line in the photographic region. 
On account of the wide slit employed in my original photo- 
graph, I put the line at about 4 3730; from measures of the 
line in a photograph taken in 1889, with a narrower slit, we 
found that its position was more refrangible, and we gave 
the approximate wave-length “about 43724.’’ There was 
necessarily some difficulty in determining its position exact- 
ly on account of the small scale on which, from the faintness 
of the light of the nebula, it is desirable with the telescope at 
our disposal to take the photographs, and also because in 
the nebular spectrum itself we had no fiducial line nearer 
than Hy. In the photographs taken this vear we have the 
advantage of the known position of the hydrogen line at H, 
and with the help of this line our recent measures show that 
the ‘“‘about’’ must be interpreted as slightly less refrangible 
than 43724. Without attempting to fix its position abso- 
lutely, we believe that the line will be found to fall between 
43725 and 43726. It is, however, now certain that the line 
does not coincide with any of the three components of the 
magnesic oxide triplet, but is less refrangible than the middle 
line at 4 3724, and falls between this line and the first line of 
the triplet at 4 3730. 
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In these photographs there is a strong line, besides many 
faint lines, on the less refrangible side of G. 

The background of the spectrum is seen to contain numer- 
ous faint lines, which as far as we have been able to identify 
them, are the same as those seen in our earlier photographs, 
of some of which appfoximate measures were given in our 
paper, but they are, possibly on account of a slightly wider 
slit, not so easily measured as they were in the former pho- 
tographs, in which no trace of the hydrogen lines at h and 
at H could be detected. 

A marked feature of the lines is their abruptly different in- 
tensities at different parts of their length, giving the blotchy 
appearance which is characteristic of the lines in the visible 
spectrum, and which we have described in our recent paper 
‘‘On a Redetermination of the Position and Character of the 
Principal Line in the Spectrum of the Nebula in Orion.” 
The length of the slit takes in a large angular extent of the 
nebula, and, therefore, usually includes within it one or more 
of the brighter ‘‘mottlings’”’ which are so well shown in 
photographs of the nebula. It is to be remarked that these 
brighter blotches are sharply bounded, showing that the 
different parts of the nebula are distinct and become sudden- 
ly brighter than the neighboring parts. 

The lines of the new photographs contain two very strong 
and abruptly-bounded blotches, and a third one less marked. 

These bright blotches, corresponding to different condi- 
tions of closely-adjacent nebular matter, give an explanation 
of an appearance which we recorded last year in speaking of 
the strong line ‘‘about 43724.” ‘On one side of the star- 
spectra this line is a little broader than on the other side; 
but, as a similar appearance is presented by H; and the 
stronger lines of the group, it may arise from some optical 
or photographic cause.’’* : 

We now learn that this difference in two parts of the lines 
indicates a different condition of the nebula on the two sides 
of the star-spectra. 

Other lines besides those described in this note are present, 
not only between G and F, but also on the more refrangible 
side of the strong line about 2 3725. 


* ‘Roy. Soc. Proc.,’ vol. 46, p. 54. 
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The importance of the new points which have come out 
from these photographs makes us regret that we must post- 
pone a fuller examination and discussion of the spectrum of 
different parts of the nebula until its return next year. 





ON A NEW GROUP OF LINES IN THE PHOTOGRAPHIC SPEC- 
TRUM OF SIRIUS. 


WILLIAM HUGGINS, D.C. L., LL. D., F. R.S., AND MRS. HUGGINS. 








In I879,* I gave an account of a series of broad lines in 
the photographic region of the spectrum which was found 
to be characteristic of Sirius, Vega, and other white stars, 
and which was identified as a continuation of the spectrum 
of hydrogen beyond H.+ In the photographs of Sirius which 
I had taken up to that time, I was not able to be certain if 
the two most refrangible of the lines, ¢ and :, were present. 
This uncertainty has been set at rest by photographs taken 
since, in which the complete series of the hydrogen lines, in- 
cluding @ and :, come out with great distinctness. 

‘ I have long suspected the presence of another group of 
broad lines some distance further on in the ultra-violet re- 
gion, but until this year we have not been able to see them 
in the photographs with sufficient distinctness to be able to 
make even roughly approximate measures of their positions. 

On April 4th, a photograph of the spectrum of Sirius was 
taken with a long exposure, the slit being made very nar- 
row, in the hope of bringing out this new group of lines 
with greater distinctness. This plate shows, on examina- 
tion, that the spectrum of Sirius, after the termination of 
the hydrogen series, remains, as far as we can see at present, 
free from any strong lines until a position as far in the ultra- 
violet as about 4 3338 is reached, at which place appears the 

_ first of a group of at least six lines, all nearly as broad as 
those of the hydrogen series. The third line of the group 
about 43278 appears to be the broadest, but they are all 
broad, though even in this photograph they are not seen 
with the distinctness which is necessary for ascertaining ac- 
curately their relative character. 








* ‘Phil. Trans.,’ 1880, p. 669. 
+H. W. Vogel, ‘Berlin, Akad. Monatsber.,’ 1879, July 10; and Cornu, ‘Journal 
de Physique,’ 2nd ser., vol. 5, 1886, p. 100. 





The Spectrum of Sirius. 319 





The sixth line occurs where the spectrum is faint, almost 
at the limit of this photograph, which was taken when 
Sirius was some distance past the meridian, and we are not 
able to find out whether this line completes the group, or 
whether there may be other lines still more refrangible be- 
longing to it. We expect to be able to determine this point, 
namely, whether the group ends with the sixth line, when 
the opportunity comes round of being able to photograph 
the star when it is near the meridian. 

The new group of six lines is well seen when the photo- 
graph is examined with a lens, but when the plate is placed 
under the measuring microscope it is only with some diffi- 
culty that the lines can be observed with the distinctness 
which is necessary for measuring them with a fair approach 
of accuracy. 

For this reason, the wave-lengths given below must be 
regarded as only preliminary, and but roughly approximate 
measures of the positions of the new lines. 

1st Line 
2nd 


3rd 43278 
4th * 

5th 

6th ° 43199 





Ten Year Catalogue of £4059 Stars deduced from observations extending 
from 1877 to 1886 at the Royal Observatory, Greenwich, has been re- 
ceived. This catalogue and the other publications that follow were made 
under the direction of W. H. M. Christie, Astronomer Royal, and is reduced 
to the epoch of 1880. It is appendix II to the Vol. of Greenwich Observa- 
tions for the year 1887. 





Appendix III to Greenwich Observations 1887 contains the recomputa- 
tion of the position of the ecliptic, from observations of the sun, in the 
years 1877-1886; also, corrections to refractions of stars, sun, moon, and 
planets, for revised readings of the exterior thermometer, and of the barom- 
eter in the years 1877-1886. 

Greenwich Magnetical and Meteorological Results for 1887 is a very 
useful volume, in quarto form containing 87 pages. 

Greenwich Astronomical Results for 1887 presents the work of the 
Transit-Circle, as extracted from the work of the year. It is in convenient 
form for reference. 
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CURRENT CELESTIAL PHENOMENA. 


THE PLANETS. 















Mercury has just passed superior conjunction and is coming towards 
us on the east side of the sun. It will be in excellent position for daylight 
observation in the northern hemisphere during the month of August. It 
will be at greatest elongation, east from the sun 27° on Sept. 3, and at 
inferior conjunction Sept. 29. Mercury will be in conjugetion with Saturn, 
south 34’, Aug. 9 at11 P.M. 

In The Observatory, June, 1890, Mr. W. E. Plummer gives a review of 
an interesting paper on ‘‘ The Mass of Mercury’”’ by Dr. Haerdtl. The mass 
of Mercury is very difficult to determine, since it has no satellite, and the 
values determined from the pertubations of comets, especially Encke’s 
comet, vary widely. Dr. Haerdtl, however, by methods differing from 
those used before, has obtained quite accordant values from different 







sources: 
1. Mass of Mercury = 39;3s43 from Winnecke’s Comet. 
i. <s “ = 551 }s00 Le Verrier’s equation modified. 
ni, Ki in = ssarte00 Encke’s Comet, 1819-1868. 
IV. <3 " = ss6bs00 Encke’s Comet, 1871-1885. 


The fractions express the ratio of the mass of Mercury to that of the 
sun. 

Venus is growing still more brilliant in the evening sky, about seven- 
tenths of her disk being illuminated. She is approching the earth rapidly 
so that the increase in size of the disk more than compensates for the loss 
of light from the phase. Venus will be at greatest elongation east from the 

‘ sun 46° 34’, Sept. 23. She will be in conjunction with Uranus, south 2° 6’, 
Sept. 2, at 5 Pp. M. 

















Mars has passed his best position for observation this year, but good 
views may be obtained during the next two months. His course in the sky 
will ke almost due east, from the middle of Scorpio to the middle of Sagit- 
tarius. Mars will be in quadrature, 90° east from the sun Sept. 21 and at 
his greatest southern latitude Sept. 27. An interesting article entitled ‘‘La 
Geologie et la Planete Mars,” by M. Daubree, is contained in the June, 
1890, number of L’Astronomie. It gives the description of a number of 
‘ experiments made by M. Daubree to explain the formation of the so-called 
“canals” on Mars, regarding them as fissures or folds in the crust of the 
planet. 

Jupiter is now in its best position for observation during this year, 
rising at about 7 p. m., and setting at about 5a.m. Its southern declina- 
tion prevents it from reachiug a very great altitude in nothern latitudes so 
that the most perfect views can not be obtained here. It will describea 
very short retrograde path in the head of Capricorn during the two 
months. A long article, well illustrated and very interesting, on the planet 
Jupiter, by M. Camille Flammarion is contained in L’Astronomie, Oct. and 
and Nov., 1889, and March and June, 1890. The same journal for June, 
1890, contains an interesting note by M. J. Guillaume, observer at Peron- 
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nas, on the doubling of the shadow of Jupiter’s second satellite. A second 
shadow fainter than the ordinary one was seen to the north of, and partly 
covered, by the first. 

Saturn will be in conjunction with the sun August 30 and so will not 
be visible during the next two months. Bulletin Astronomique, April, 
1890, contains an extensive article by M. E. L. Trouvelot on the phenom- 
ena observed on Saturn about the epoch of the passage of the sun and 
earth by the plane of its rings in 1877-1878. This article is interesting 
and valuable in view of the similar phenomena which are to occur in 1891. 

Uranus is getting too far west in the evening to admit of good observ- 
ation. He isin Virgo northeast of Spica, about 1° south of the fifth mag- 
nitude star m Virginis. M. Perrotin, with the 30-inch equatorial at Nice, 
has been able to detect dark bands upon Uranus similar to those upon 
Jupiter (L’Astronomie, June, 1890, page 231). He finds the position an- 
gle of these bands to be about 25°, differing little from the plane of the satel- 
lite orbits. These bands do not always present the same aspect; they vary 
in number and width in different parts of the circumference of the planet. 
There is a possibility of determining from these varying aspects of the 
bands the time of the planet’s rotation, which is now unknown. M. Per- 
rotin also finds by careful measures that the flattening of the poles of 
Uranus is not less than 35. 

Neptune may be found after midnight in Taurus northwest of Aldeb- 
aran, about 1° north and 30’ east of the fourth magnitude star Epsilon 
Tauri. There will be an occultation of Neptune on the morning of August 
9, but the planet will probably be too faint to be seen near the moon. 


MERCURY. 
R. A. Decl. Rises. Rransits. Sets. 
h m ara Ny h m a m h m 
Aug. 25........ II 51.2 — 0 13 7 32a.M I 35-1 P.M. °7 38 P.M. 
SEpts Sicccscs 12 32.5 — 6 29 ce. “ ¥ aaa) * y ie ey 
(ee I2 50.4 — 9 35 y ae sane * Gay “ 
SREP I2 35.0 — 7 28 Ga “ eyo i Sas * 
ORR: “Sica 12 03.6 — 0 §2 5 06 “ II 06.3 A. M. 5 06 * 
Bi cies I2 18.3 — 0 02 43 “ 16°43.3 “ 445“ 





eee 00.6 — 7 19 g9 IOA.M. 2 44.3 P. M. 8 19 P.M. 
SEDC.  S.cssccx 13 44.2 —I12 36 gaa * 2445 ** yy 
Biscccous 14 23.8 —16 59 orgs: “ a7 7a 
=, Sere 15 03.0 —20 48 10 08 “ 2445 “ 248 
CE, Srscicss 15 41.0 —23 54 Oe - ies Sant 704 “ 
BGeicaitns 16 16.2 —26 II 10 30“ 23h9 “ 6 48 * 


pieesaad 46.4 —25 25 


3 6 29.5 P. M. 10 43 P. M. 
Sept. 5........ 17 12.6 —25 55 To 61s * oa 
eee 17 38.7. —26 08 re * 5 59.0 “ 10 08 ‘ 
> eee 18 06.4 —26 03 ta“ 5 47-4. “ qo 67 * 
GG. Sesccece 18 35.3 —25 39 sa Sans “ 949 “ 
TS .cccosee 19 05.1 —24 54 a * § 27.5 “ 9 43 “ 

JUPITER. 

Raw. 25.652 20 26.4 —20 02 5 29 P.M. 10 08.9 P. M. 2 49 A. M. 
Sept. 5........ 20 22.5 —20 I5 aan * 9 21.8 “ aon“ 
BS. ccsses 20 20.2 —20 23 io * 8 40.2 °*f i 
BR. aiies 20 19.2 —20 26 a “ 7 ce 12 38 “ 

Ct, Sikeesst 20 19.6 —20 24 aan “ 9 208 “ II 59 P. M. 


| Rename 20 20.2 —20 18 a 6 43.2 “ tae“ 
























Sept. 





Oct. 





Aug. 
Sept. 
aR 
Oct. 
Aug. 
: Sept. 
s} 
3 
.f . Oct. 








ae Date. 
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SATURN. 

R. A. Decl. Rises. 

h m : h m 
cvvecces 10 30.0 --10 32 5 35 A. M. 
secccses 10 41.2 -+10 02 455 * 
sccccnce 10 45-9 + 9 34 420 * 
cccccece 10 50.5 + 9 07 353 
sevceee 10 55.0 + 9 42 330 “ 
poeeabun 10 59.2 + 8 17 2 47 








29.3 — 8 46 9 44A.M 
31.3 — 8 58 g9 04 ‘ 
33-3 — 9g I0 o a7 * 
a> «| OSE ce 
ao —- 9 715 “ 





ieeeors 8 + 51 
sececees 4 21.1 +19 51 9 52 
} 51 o's3 
5° O33. 
48 754 “ 
46 7 ‘ 
H 
17.7. +10 37 5 15 A. M. 
57-6 +639 5 28 
33-6 +251 540 “ 
09.6 — I 02 eae. * 
45-3 — 455 603 “ 
22.6 — 8 42 6 160 °* 
THE MOON. 
Teka 13 43-3 — 6 16 9 52 A.M. 
Sesule 18 23.6 —24 32 3 39 P.M. 
3 42. 12 Ye ala 
5 °7- 43 ey ian 
aksege 8 43.2 +22 OI I 30 A. M. 
bdcnaws I2 41.9 + 0 32 6:39: * 
saad 16 58.3 —22°29 I2 20 P.M. 
iveted 22 15.2 —I5 57 cs 
Beeees 2 54.2 +13 52 fs aes 
iecuiexs 7 30.9 +24 40 10 24 * 
vascneae 10 52.6 +12 36 2 24A.M. 
iavesee 14 50.3 —13 33 oe. °° 








Star’s Magni- Wash. An 

Name. tude. Mean T. ‘4 
™m 
@ Ophiuchi 4% 10 42 
23 5 var 8 08 
ce ir II 00 
A Sagittarii 3 7 28 
i? 42 9 40 
hi ““ 6 9 59 
tz! Aquarii mult 512 10 47 
rt? ee 4 Il 59 
i Tauri I2 08 
wSagittarii 5% 10 25 
B.A, C17 6 8 13 
29 Ceti 614 Il 34 
33 Ceti 6 2 ae 
35 Ceti 61% 13 57 
W.iv,650 6 9 20 
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m Wash. Anglef'm Dura- 
Mean T. N. P’t. tion. 
m ” h m of 

II 40 301 o 58 

9 24 260 I 16 

II 44 320 O 44 

8 50 270 I 22 

10 53 281 I 13 
Star 0.6’ N. of moon’s limb. 
II 34 189 © 47 

13 I! 226 i 23 

12 52 210 © 44 

II 24 282 I 00 

9 21 225 1 08 

12 04 300 0 30 

13 59 289 © 44 

15 09 229 I 12 

10 15 240 0 55 
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Comet 1890..... 


(Brooks March 19). 
aid of a small telescope, in the evening. 
Venatici, and moving in a southwesterly direction. 
ephemeris, given by Herr Bidschof (A. N. 2970) shows, that thiscomet will 
be visible the remainder of this year and part of next year. 
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Elements and Ephemeris of Comet a 1890 (Brooks March 19.) From 
my own observations of March 21, April 21 and May 24, I have computed 
the following elements and ephemeris: 


T = 1890, June 1 .15896 Gr. M. T. 
t= 30° 2 35° 
@=—320 18 55. 
i=120 30 56 . 

log q = 0.280830 p= 1.90612 


App. R.A. App. Dec. ot. Log. 4. 
h m Z o 


13 11.3 +45 39 ‘ 0.3718 
10.4 45 14 
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24 
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O. C. WENDELL. 
Harvard College Observatory, July 2, 1890. 





Bright Meteor. On the evening of May 23 last, at 7> 10™ Eastern 
standard time, I saw a brilliant meteor of dazzling lustre, white with a 
bluish tinge, pass across the heavens. The sun was still shining brightly 
and the sky cloudless. The motion of the meteor was comparatively slow, 
nearly horizontal, 4° degrees above the horizon, and covered less than 10°. 
Its mean direction was S. 24° E. The meteor was followed by a discon- 
nected or broken train about 2° in length, inferring therefrom an actual 
combustion and not only an optical illusion. The phenomena ceased before 
reaching the horizon. 0. M. J. KLOTZ. 

Preston, Ontario, May 27, 1890. 
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Prominences in May. Number of observations, 17; number of promi- 
nences, 74; mean number of prominences 4.35; greatest number in one day, 
7 (on 2d, 18th and 31st); highest prominences, 29th (58”). 

DISTRIBUTION OF PROMINENCES. 
E. Limb. W. Limb. 





E. Limb. W. Limb. 


0 to 10 11 1 0 to—10 9 4 

10 to 20 3 2 — 10 to — 20 0 0 

20 to 30 1 3 — 20 to— 30 0 + 

30 to 40 2 0 — 30 to— 40 0 y | 

40 to 50 1 0 — 40 to — 50 1 2 

50 to 60 1 0 — 50 to — 60 0 0 

60 to 70 0 0 — 60 to — 70 ) 1 

- 70 to 80 6 0 — 70 to—80 0 4 
80 to 90 8 1 — 80 to— 90 4 4 

47 27 


Camden Observatory, June 1, 1890. 










Prominences in June 1890. Nnmber of observations, 19; number o 
prominences, 57; mean number of prominences, 3; highest prominence, 
60” (on the 29th inst.). 


DISTRIBUTION OF PROMINENCES. 


Between E. Limb. W. Limb. Between E. Limb. W. Limb. 
0 and+ 10 2 0 0 and — 10 2 
+10 and + 20 5 2 — 10 and — 20 0 5 
+ 20 and + 30 3 0 — 20 and — 30 0 1 
+ 30 and + 40 1 1 — 30 and — 40 Y) 0 
+ 40 and + 50 3 5 — 40 and — 50 z 1 
" + 50 and + 60 0 11 — 50 and — 60 4 2 
+ 60 and + 70 0 0 — 60 and — 70 4 9 
+ 70 and + 80 0 3 — 70 and — 80 i) 0 
+ 80 and + 90 i) 2 — 80 and — 90 0 0 
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Camden Observatory, July 1, 1890. 









Carleton College Sunspot Observations. 





Continued from page 180. 


o ¢ 4 2 
Central g o 4g Zz 

Date : = a = 3 Remarks. 
Time. ? e g 





1880 


May 31. 12.35 P. M. 0 O 1gr. c.R. W. Small gr. of fac. near W. limb. 

June 3. 2.45 “ 0 O gr. a Fac. S. W 
" a 12.05 ‘“ 1 + ba One large spot with fac. 
- Z. 3.30 *“* 1 10 7gr. H.C. WwW. 5 gr. fac. near E. limb. 
— oe 8.45 A. M. oO oo ie, c. R. W 
~ 4.30 P.M. 1 2 2er. ci Spots very poorly defined. 
Eee 2.50 ‘“ ce) O i1gr. = One very brilliant fac. S. 
~ 2 8.65 * oO O il1egr. or Faculae S. W. 
~ 5.20 “* 0 O ler. et 
“« 24. 3.45 ‘“ oO O 3er. H. Cc. W 
— fe 12.40 ‘ 0 O i1gr. is 
- a 11.40 A. M. oO O 1gr. c.R. w. Faculae S. 
* “ae oO O 2gr. 7 
a 12.20 P.M oO O 1i1gr. “ge Faculae S. E. 

July 4. 10.30 a.M 1 i tee. * Spot in S. E. surrounded by fac. 

. og co 8.45 ‘ % 326° See. bin 

= 8 2.00 P. M 1 bs 
= 9. 12.39 ‘“ 1 10 Ogr. H. Cc. W * 
“10. 4.15 “ 1 6 Ogr. c.R.W. 4 
+. 26 10.10 A. M. 1 2 2gr. » Spot near W. limb, followed by 






long and narrow gr. of fac. 
Group of fac. near E. limb. 
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A Graphic Solution of the Equations, x* + y= 7; x + y? = 11. 
x? -++ y = 7 is the equation of a parabola whose vertex v is a distance of 7 
above the origin o, and x + y? = 11 is the equation of a parabola whose 


vertex vis a distance of 11 to the right2of the origin. 

If, in each equation, we 

Y ‘give values to one letter, 

v and find the correspond- 

ing values of the other 

letter, and then trace 

curves through the points 

A ot which these values of x 
and y are the co-ordin- : 

d +3) , ates, the curves will inter- 

. V_Xx sect each Other in the four 

-3 \ pomts A, B, C; DD. 


YK. 





} 

: : 

now the co-ordinates of 

E Ic these points be measured 
they will be found to 





y be, respectively, x = 2, 
Fos; 2 26; = 
3.6; x = 3.1, y = — 2.8; x=— 3.3, y= — 3.8. These values, found by 
measurement, are, approximately, the values given by Mr. Keith and Mr. 
Coakley, in their solutions published in Number 80 of the MESSENGER. 

(It is interesting to note that, in the equations x + y? = 11, when x 
is 2, y has two values + 3 and — 3. The algebraic solution gives only one 
of these values. The diagram shows that the graphic solution tells the 
same story, for the point E, whose ordinate is — 3, is on only one curve, 
and hence this value y could not satisfy both equations.) 

Garfield University. W. A. CRUSINBERRY. 























Given the equations 















(1) 
(2) 

From (1) 
x—9=2-y (3) 

From (2) 
x—3=—4-y? (4) 


Dividing (3) by (4), thus taking out the root tactors x — 3 [and 2— y] 


(5) 





whence 
xy +2x+3y+5=—0 (6) 
If (6) is combined with either (1) or (2) and y is eliminated, then in 
either case, the degree of the resultant equation rises only to the third, the 
equation will be 







x*>+ 3x*—13x—38=—0 (7) 
just as it should be. In the same way, if, after combining (6) with (1) or . 
(2), x is eliminated it is only possible to find 

y?+ 2y?—10y —19=—0 (8) 


and so far, nothing new is shown. 
a 


290907 
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Now, if instead of taking the given equations singly, they are com- 
bined before comparing with equation (6), an infinite number of false com- 
mensurable roots can be produced. Thus if the given equations are added 
and combined with (6), there is produced P 

x? + 7x? — x? — 90x — 152 = 0 (9) 
which has a root x = — 4, the corresponding value of y being —3. Had 
the given equations been subtracted and then compared with (6), it is 
found 

xt + 5x' — 7x* — 64x — 76 = 0 (10) 
from which it can be found that x — 2, the corresponding value of y 


being — 1. 





bf 








A homogeneous equation 
3x? — xy + 2y? = 52 (11) 
can be produced by adding three times (1) to two times (2) and subtract- 
ing (6) from this sum; and by means of this homogeneous, it can be proved 
by simple reasoning that the complete solution of the original equations by 
quadratics is impossible. If No. (11) is combined with any of the{preceding 
equations a false root is obtained in each case. 

The following graphic representation of these equations willfJprobably 
make it clearer: 

Equation (1) isa parabola with the vertex at (, 11); (2) is a para- 
bola with vertex at (7, 0); the sum of (1) and (2) is a circle with center 
at (— 14, — 1%): the difference of (1) and (2) a hyperbola with center at 
(12, 42); equation (6) is a hyperbola with center at (— 3, — 2) asymtotes 
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parallel to the axes; equation (11) is an ellipse with center at the origin, 
the transverse axis inclined 67° 30’ to the axis of x positive. 

Where do the false roots come from? Of course from a mistake in the 
work; the error does not appear in equation (6) but arises from adding, 
subtracting and otherwise combining equations (1) and (2). 





NEWS AND NOTES. 





The next number of this journal will be published for the month of Oc- 
tober, and numbers will follow consecutively for each month thereafter. 





We have given this month unusual space to the important studies in 
spectroscopic lines as presented in the extended papers by Dr. Huggins and 
Mrs. Huggins. These articles and that of Mr. Monck, bearing also on the 


use of the spectroscope, have, in part, taken the place of the usual biograph- 
ical sketch. 





Tenerifte, Alta-Vista, Tyde is the title of an article from the pen of Mr. 
D. W. Edgecomb, recently received. It contains useful information gathered 
in foreign travel. It will appear in the next MESSENGER. 





Harvard College Observatory Photographic Work. Some time ago, 
Professor William H. Pickering favored us with some fine photographs of 
Saturn, Jupiter, and the Great Nebula surrounding 7 Argus. The picture 
o1 Jupiter is a beautiful one. It was taken at Mt. Wilson, California, 1889, 
July 12, 195 38™ G.m.T., the altitude of the station being 6,200 ft. Its scale 
is 5000000000 OF 1”.65=1™™, magnified (at 29 c. m. distance), 450 
times. The 13-inch telescope was used and the exposure was 87 seconds. 
Jupiter’s system of belts is surprisingly distinct. 

The exposure for Saturn was made at the same place, 1890, Feb. 7, 18° 
54™, Gc. M. T.; scale syoo000000 Or 0”.94-—=1™™, magnified 770 times, 
same instrument, with an exposure of 6" 16°, Though the picture of Sat- 
urn is not quite as sharp as that of Jupiter, yet the dark ring, the bands of 
the planet, and the division of the rings at the ansz are features more or 
less easily seen. 

The picture of the Great Nebula surrounding 7 Argus, was taken 1889, 
June 16, 12" 17™, siderial time scale 60” = 1™™, magnified 12 times, the 
8-inch Batche camera being used. The exposure was made at Mt. Howard, 
Penn., and was one hour long. The altitude of this station was 6,600. 

Professor Pickering has also kindly sent us some prints of plates pre- 
pared for future parts of the Annals, which plainly show some of those 
interesting discoveries by the aid of photography which have been pre- 
viously noticed in this journal. Weare pleased to announce that some of 
these fine plates are to be reduced, or to appear without change in THE 
MESSENGER as soon as they are ready for publication. The engrossing in- 
terest that attaches to this feature is well shown by the fact that Profes- 
sor Pickering’s late pictures of the great Special Nebula show a change 
in form from that seen in Mr. Common’s photographs of Jan. 30, 1883. 
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Aid to Astronomical Research. Miss C. W. Bruce offers the sum of six 
thousand dollars ($6,000) during the present year in aiding astronomical 
research. No restriction will be made likely to limit the usefulness of this 
gift. In the hope of making it of the greatest benefit to science, the entire 
sum will be divided, and in general the amount devoted to a single object 
will not exceed five hundred dollars ($500). Precedence will be given to 
institutions and individuals whose work is already known through their 
publications, also to those cases which cannot otherwise be provided for 
or where additional sums can be secured if a part of the cost is furnished. 
Applications are invited from astronomers of all countries, and should be 
made to the undersigned before October 1, 1890, giving complete informa- 
tion regarding the desired objects. Applications not acted on favorably 
will be regarded as confidential. The unrestricted character of this gift 
should insure many important results to science, if judiciously expended. 
In that case it is hoped that others will be encouraged to follow this ex- 
ample, and that eventually it may lead to securing the needed means for 
any astronomer who could so use it as to make a real advance in astro- 
nomical science. Any suggestions regarding the best way of fulfilling the 
objects of this circular will be gratefully received. 
Harvard College Observatory, EDWARD C. PICKERING. 

Cambridge, Mass., U.S. A., July 15, 1890. 


We are glad to give place, in THE MESSENGER, to this circular, for we 
are sure it will greatly interest our readers and stimulate endeavor in many 
needy and useful lines of astronomical research. Miss C. W. Bruce has 
taken a high and noble stand in favor of astronomical science, and her late 
munificent gifts to it are not only a blessing to Harvard College Observa- 
tory, but to American astronomy as well. Professor Pickering is to be 
congratulated in having such generous and intelligent aid as that which 
Miss Bruce furnishes for his own and other lines of astronomical study. 





Motion of the Atmosphere above the Highest Clouds. The fall of the 
meteorite in Northern Iowa on May 2d, as noticed in the last number of 
this journal, has aroused great interest in such phenomena. There is a 
single point in this connection that should be emphasized, and possibly 
from this fall or others in the future, facts of the highest importance may 
be gleaned. It is known probably to all that we have practically no reli- 
able information as to the direction of motion or velocity of atmospheric 
current above our highest clouds. The rather startling theory has been 
advanced to explain the sky glows of 1883 and later years, that the upper 
currents at 20 miles above the earth move from east to west at a velocity 
of 80 miles per hour, but it is very doubtful if any current exists except one 
moving very slowly towards the east. Whenever a meteor leaves behind a 
more or less permanent cloud or smoke its motion ought to elucidate this 
problem. A velocity of even +0 miles per hour would be detected at once 
at the earth, but if the motion is very slow it could be determined only by 
watching the trail as it moved across the point of a high building or a 
tree, the eve being held perfectly stationery. If there are light fleecy clouds 
in the sky at a lower level great care would be needed to distinguish be- 
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tween their motion and that of the meteor trail. In this case it will be 
very necessary to watch the trail by having its line of sight pass through 
a high point. If the trail is more than 45° from the zenith it will be practi- 
cally impossible to tell the direction unless it continues a very long time, 
which it usually does not do. A single careful observation of the direction 
of such a trail through or near one’s zenith would be of the highest value. 
Washington, D. C., June 7, 1890. H. A. HAZEN. 


ne eae 


The Latest Latitude Result at Greenwich.—In the report presented by 
the Astronomer Royal to the Board of Visitors on June 7, 1890, appears 
the tollowing paragraph: 


oem ee emma 9m 


* The co-latitude of the transit-circle as found from the observations of 
1889 is 38° 31’ 23.05, differing by + 0.15 from the adopted value.” 

The full importance of this sentence does not appear on the surface. It 
may be necessary to recall that the modern study of the Great Pyramid 
has raised, since 1867 A. D., the question, whether there is not a minute 
change in the latitude of places, unpointed to as yet by Gravitational As- 
tronomy, but always going on, and amounting at the Great Pyramid to 
69” ot decrease in the course of 4,000 years. 

On one side this conclusion has been taken up positively by Mr. A. A. 
Anderson, in his weighty little book entitled ‘‘ Terra,’’ and considered ex- 
planatory of geological changes of still higher secular periods, which he has 
found identifiable over nearly the whole earth’s solid surface. But on the 
other side, the very possibility of such an alteration of latitude has been 
contemptuously denied; and though the other Greenwich observations have 
been quoted * as showing a very similar alteration there, or thus— 

In 1766, Lat. = 51° 28’ 40.0 
miss4, “ =51° 28° 39".0 
In 1856, ‘* =51° 28’ 38”.2 and 
in 3650, “ =6i° 26-38" .1 
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that was considered so much the worse for them. 


} 
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But now if we apply to the end of the above series the last, the sup- 
posed best and the yet unchallenged result, or that given in the quotation 
already referred to, turning its co-latitude into latitude, there appears for 
1889 just 51° 28’ 37.95. 

That is a still further change since 1880, but in the same direction as be- 
fore; and amounting to 0”.15 in nine years, or 66” in 4,000 years. Which 
is surely as close a confirmation of the pyramid quantity of 69” in the 
same length of time, as any one could have possibly expected, and it is at 
least very curious that every successive latitude result at the Royal Obser- 
vatory will persist in showing a smaller and smaller figure. 

June 27, 1890. 
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U. S. Scientific Expedition to West Africa. Bulletins numbered 15 and 
18, under dates respectively April 19, 1890, and May 15,1890, of the above 
named expedition have been received. The title of the first is The Law of 
Distribution of the Actinic Light of the Solar Corona, and that of the sec- 
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ond is Terrestrial Magnetism. Both are prepared by Professor Frank H. 
Bigelow, of Washington, D. C. 


om 


* 


See “Our Inheritance in the Great Pyramid,” 5th edition, page 63 
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U.S. Naval Observatory Time. Memorial to the Secretary of the Navy. 
April 15, 1890. To the Secretary of the Navy: Sir: Your attention is 
hereby respectfully called to the injury inflicted wpon various Astronomical 
Observatories in the United States by a practice which has been established 
at the U. S. Naval Observatory of supplying the Western Union Telegraph 
Co. with time signals for commercial use. 

For a considerable number of years the signals necessary for the regu- 
lation of time-pieces have been derived, in different parts of the country, 
trom the Observatories established in those districts. The sums received in 
payment for the signals have formed an important portion of the revenues 
by which the Observatories have been supported. An additional advan- 
tage resulting to the Observatories from this system consists in the fact 
that it thus becomes apparent to the people of each district that the Obser- 
vatory founded among them is rendering a constant public service. They 
are consequently led to take a more active interest in astronomical science 
than would otherwise be the case, and the Observatories must depend upon 
this interest for the donations and legacies by means of which their scienti- 
fic researches are supported. 

But these astronomical institutions are unfitted for commercial compe- 
tition with a powerful corporation like the Western Union Telegraph Co. 
If this corporation undertakes to occupy the field of supplying time signals, 
and can obtain the same gratuitously from the U. S. Naval Observatory, it 
is obvious that the local Observatories must abandon the contest, with 
great damage to their means of support, both direct and indirect, as has 
been shown above. Such is the actual result of the present policy of the 
Western Union Telegraph Co., to succeed in which, however, it depends 
upon the support which it now actually obtains from the U. S. Naval 
Observatory. That Observatory, founded to promote the science of astron- 
omy in this country, now accordingly appears as the means of withdraw- 
ing the funds which have hitherto been maintaining that science in many 
parts of the United States. 

The arrangement between the U. S. N. Observatory and the Western 
Union Telegraph Co. contemplates the distribution of time signals from 
the Naval Observatory to the entire country. Beside the injustice to pri- 
rate Observatories already alluded to, this plan involves difficulties which 
will make any such service uncertain and inaccurate as compared with the 
present automatic service from the private Observatories. 

You are therefore requested, by this memorial, to consider the system 
which has been established at the U. S. Naval Observatory, in pursuance of 
which time signals are given, for commercial use, to the Western Union Tel- 
egraph Co., and to cause this practice to cease if you find that it is injuri- 
ous to the interests of American astronomy. Very respectfully, Edward C. 
Pickering, Director Harvard College Observatory, Cambridge, Mass.; John 
Kk. Rees, Director Columbia College Observatory, New York, N. Y.; G. W. 
Hough, Director Dearborn Observatory, Evanston, Ills.; Edward S. Holden, 
Director Lick Observatory, Mount Hamilton, Cal.; Ormond Stone, Director 
Leander McCormick Observatory, Charlottesville, Va.; Wm. W. Payne, 
Director Carleton College Observatory, Northfield, Minn.; Frank W. Very, 
Allegheny Observatory, Allegheny, Pa.; C. A. Young, Director Halstead 
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Observatory, Princeton, N. J.; Carr W. Pritchett, Director Morrison Observ- 
atory, Glasgow, Mo.; Winslow Upton, Director Observatory Brown Uni- 
versity, Providence, R. I.; Lewis Swift, Director Warner Observatory, 
Rochester, N. Y.; H. A. Howe, Director Chamberlain Observatory, Denver, 
Col.; J. G. Porter, Director Cincinnati Observatory, Cincinnati, O.; W. B. 
Smith, Director Observatory University of Missouri, Columbia, Mo.; H. S. 
Pritchett, Director Observatory Washington University, St. Louis, Mo.; 
H. A. Newton, Director Winchester Observatory, Yale University, New 
Haven, Conn.; E. Colbert, Chicago Tribune, formerly Superintendent Dear- 
born Observatory, Chicago, Ills.; Chas A. Bacon, Director Smith Observa- 
tory, Beloit, Wis.; Wm. A. Rogers, Director Shannon Observatory, Colby 
University, Waterville, Maine; Edwin Brant Frost, Director Shattuck Ob- 
servatory, Dartmouth College, Hanover, N. H.; Charles Burckhalter, 
Director Chabot Observatory, Oakland, Cal.; and others whose names 
have been forwarded to Washington. 


The above memorial was placed in the hands of Secretary Tracy sev- 
eral weeks ago, and, it is reported that he is in correspondence with the 
officers of the Western Union Telegraph Company. Some of the persons 
whose names were signed to this memorial have had conference with the 
telegraph company, upon the points raised in it, and in every case obtained 
no satisfaction whatever. We do not expect anything favorable will come 
of this attempt, for we know too well the present strained relations that 
exist between the telegraph company and the Government, to believe that 
it will amount to anything. If this step fails, others will be tried and the 
case will not be relinquished until justice is done in some way. 





The Largest Glass Yet is the title of an article in the Boston Evening 
Transcript (May 24) which described the latest undertaking of Alvan 
Clarke’s Sons in the manufacture of great telescopes. The point of the 
article seems to be to call attention to the Clarkes as the great makers of 
telescopes in the world, and that they have the contract for making the 
40-inch glass for the University of the Pacific, for the talked-of site of Wil- 
son’s Peak, near Los Angeles, California. After speaking of the large tele- 
scopes that the Clarkes have made, the peculiar genius, in optical lines, with 
which these makers have been endowed is set out in plain and very com- 
plimentary way, and under this head the following statement occurs: 
In-all the arts there are those who have skill and those who have 
genius. The skillful optician would go to work and mathematically figure 
the curves of the glasses, and if the calculations were correct the lens would 
be good. The genius fashions it out with but the incidental use of meas- 


urements, depending upon his eye and judgment, which are more unerring 
than mathematics. The Clarkes belong to the order of genius. 


The article closes with the following rather caustic sentence: 


Mr. Clarke has insisted that he shall have the mounting of the new tele- 
scope, so that the blundering that took place in the instance of the Lick 
telescope, and which necessitated his finally being called upon, shall not be 
repeated. 

This article is editorial in form, and doubtless was written by some 
ambitious reporter who wished to pay the Clarkes a handsome compliment 
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without their knowledge, for it is not conceiveable they would have per- 
mitted such things to be said if they had known it beforehand. All scien- 
tists well know that the Clarkes are justly celebrated for the work they 
have done, in producing the finest, the largest and the most powerful tele- 
scopes in the world. But the ardent reporter is evidently out of his sphere 
when he attempts to define and classify these high orders of genius and 
pronounce definitely upon their respective ranks in the scale. Is he nota 
little too previous when he claims supremacy for a method used by the 
Clarkes, as against another and different one which science has not yet had 
sufficient knowledge of to estimate fairly and justly? In this he may be 
right or he may be wrong, nobody knows. A little patient waiting until 
the new method shall be tried, on large glasses, will surely furnish the 
needed evidence; and interested scientists will not have to wait long, for 
two glasses of sufficient size for a crucial test are now under way by the 
new method which has already somewhat disturbed friends of the old 
process. 

In regard to the statement that Mr. Clarke has insisted that he shall 
have the mounting of the new 40-inch refractor, so as to prevent any such 
blundering as that which took place in mounting of the Lick telescope, we 
hasten to say, that everybody who knows the facts are greatly surprised 
that any such claim should be made. We have taken care to find out the 
facts from those unprejudiced, who were present during the setting up of 
the Lick telescope, and who know what mistakes were made and who made 
them. And itis but just to say that no alterations whatever were made 
in the mounting of the 36-inch refractor at the instance of Mr. Clarke— 
indeed, none have been made at all up to the present time. Professor Hol- 
den has intended to fill the iron pier with masonry, (it was Capt. Floyd’s 
intention before the telescope was mounted), but the performance of the 
instrument is so satisfactory that the filling has been put off, and has not 
yet been done. It is not claimed that improvements could not be made in 
the mounting, now that the astronomers have had the opportunity of 
using it for a couple of years, but the requirements which the makers were 
given in advance were certainly admirably fulfilled by them. The mere 
fact that a single person can manage the instrument (dome, floor, etc.) 
without difficulty is sufficient testimony to the excellence of the mechanical 
work. 

In Mr. Burnham’s paper on double-star discoveries and their measures, 
at Lick Observatory, made in 1889 and published, in volume 38, page 81, 
of the proceedings of the American Association for the Advancement of 
Science, we find a paragraph bearing on the mounting of the instrument, 
which plainly shows his opinion of its chararter. Hesaysthat the microm- 
eter, driving-clock, pier and other mechanical details are equally perfect 
(with the optical part of the instrument) for double star work, the severest 
possible test for the performance of any telescope. 





Thirty-ninth Annual Meeting of the A. A. A.S. The thirty-ninth an- 
nual meeting of the American Association fer the Advancement of Science 
will be held in Indianapolis, Ind., beginning August 19, 1890. 

The history of this Association is an interesting one. It assumed its 
present name in 1848, with the various departments of science, as now 
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known, and a roll of membership containing 461 names comprising nearly 
every person of scientific note in America. The objects of the Association 
are, by periodical and migratory meetings, to promote intercourse between 
those who are cultivating science in different parts of America, to give a 
stronger and more general impulse and more systematic direction to sci- 
entific research, and to procure for the labors of scientific men increased 
facilities and a wider usefulness. 

From 1848 to 1889 inclusive there have been thirty-eight meetings of 
the Association. In 1871, the twentieth meeting was held at Indianapolis 
with a roll of 668 members and an attendance of only 196. There are 
now over 2,000 members and it is expected that 1,000 members and 
associates will be present at the meeting announced for this month at In- 
dianapolis. 

The admission fee of a new member is $5. The annual assessment is 
$3. All members have the privileges of the meeting alike and can pre- 
sent papers, enter into the discussions and vote in the general session and 
in the meetings of the sections which they may join. Every member who 
has paid his assessment receives, free, the volume of the proceedings relat- 
ing to the meeting which is published atter each session, and contains the 
addresses, reports, and papers presented before the Association. 

The Association is divided into eight sections :— 

Section “‘A,’’ Mathematics and Astronomy; “B,’’ Physics; * C,’’ Chem- 
istry; ‘“‘D,’’ Mechanical Science and Engineering; ‘E,” Geology and 
Geography; ‘“F,’’ Biology; “H,” Anthropology; ‘‘I,’’ Economic Science 
and Statistics.’’ A Vice-President presides over each section, and the Presi- 
dent over all General Sessions and the Council. All the officers of a meet- 
ing, with the past presidents, vice-presidents of the last meeting, and a 
fellow elected from each section, form the Council, which has the general 
management of the affairs of the Association. 

For general information address Alfred F. Potts, Secretary of Local 
Committee, Indianapolis, Ind. For information as to membership address 
A. W. Butler, Secretary Indiana Academy of Science, Brookville, Indiana. 





Photographic Notes. Publications of the Astronomical society of the 
Pacific makes the following statements as to lunar photography: ‘It is 
found by experiments made on the evening of April 21st, that the dark 
part of the moon, when the moon’s age is 2.9 days, can be photographed 
with the twelve-inch Equatorial with a Seed 26 plate in twenty seconds 
—the complete outline of the dark part just showing with this exposure. 
With forty seconds and seventy seconds the dark part was conspicuous 
and details on it more clearly shown.” 

Monthly Notices for May gives ‘‘ Mean areas and heliographic lati- 
tudes of sunspots in the year 1889, from photographs taken at Greenwich, 
Dehra Dun (India), and in Mauritius.” 

The July number of Knowledge contains a beautiful photograph of the 
region of the Milky Way to the southwest of the Trifid Nebula, taken by 
Mr. Barnard. This picture is accompanied by an article on the distribu- 
tion of stars in the Milky Way, by Mr. Ranyard. 
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America Metrological Society. We are extremely sorry that we did 
not find space in our last issue for the interesting report of the last meeting 
of the American Metrological Society at Washington, D. C., which report 
was furnished at our request by Secretary J. K. Rees, of Columbia College, 
New York City. We can now only give a portion of the address of the 
President, Dr. B. A. Gould, which pertains to the aims of the Society. 

The aims of this Society embrace many important objects. There 
will, for many a long year to come, be more than enough for us to do. But 
we shall, of course, act most efficiently if we concentrate our efforts in 
a single direction at one time. And the general introduction of the metric 
system of weights and measures is clearly that which public sentiment in- 
dicates as the most important direction for our present exertions. If all 
will lend an earnest hand, and if we act wisely, success must attend our 
efforts. 

The reception very recently, by the United States office of Weights and 
Measures, of the verified and authenticated prototypes of the meter and 
kilogram, marks an epoch in the advancement in the Metric system among 
us. There is now no opportunity for the smallest pretense that the stand- 
ards of measures and weight are not thoroughly international. The old 
metre des Archives and Killogramme des Archives have now fulfilled their 
object, and have ceased to possess other value, even in France, than a 
purely historical one. There is but one legal or accepted meter and but one 
kilogram, and these are the international ones, sacredly and most carefully 
guarded in the International Bureau at Breteuil. More than twenty differ- 
ent nations are now provided with copies of the originals, together with 
official certificates of the precise amount of their variation from these; 
for aithough these variations are too small to be avoided they have yet 
proved measurable by the exquisitely refined methods employed. Through 
the courtesy of the Superintendent of the Coast and Geodetic Survey the 
Society is invited to inspect the prototypes to-morrow morning. 

Since the metric crusade of twenty years ago, which was so nearly suc- 
cesstul, the people of the United States have become far more thoroughly 
informed upon the subject; and only an earnest impulse and a judicious 
guidance of the movement which is urged from so many sides, now seems 
needed for ensuring such national action as shall place our country by the 
side of the vast majority of the civilized nations of the globe. The recent 
action of the international American conference cannot fail to afford a 
vigorous impulse towards such action. In a word, the time for renewed 

exertion seems to have arrived; and upon you, gentlemen, devolves the 
' duty of aiding and impelling it. 

There are various other matters of importance which claim the atten- 
tion of our Society, and papers upon these subjects will be presented. Soon 
the time for action upon them will probably arrive; and the Society may 
be called upon to concentrate its efforts upon them in their turn. But the 
common accord of the great majority of those who are interested in 
Metrology appears to indicate the question of weights and measures as the 
first to be taken in hand. In this we have the sympathy of an overwhelm- 
ing prepondernace of the civilized inhabitants of the world. Also we have 
that of men of science, in the two other nations who have not yet ranged 
themselves in line, although the time must soon arrive when they too will 
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have joined the great fraternity of nations whose union on all that per- 
tains to weights and measurement will remove another of the international 
barriers, which it is the glory of our century to be so rapidly removing. 

Trusting that this meeting of the American Metrological Society may 
contribute something toward the attaining of the end so ardently to be 
desired, I welcome you to the first session of the Society at the National 
Capital. 





BOOK NOTICES. 





ADVANCED PHysIOGRAPHY, by John Thornton, M. A., Head Master of 
Clarence Street High School, Boston, with 6 Maps, 180 Illustrations 
and Colored Plate of Spectra. London: Messrs. Longmans, Green & 
Co., and New York: 15 East 16th Street. 1890. Svo.cloth. pp. 342. 


This work is a continuation of an elementary treatise on the same sub- 
ject by the same author, and these books are written to supply the need 
apparent and as defined by what is known in London as the Syllabus of 
the Science and Art Department of public education. The question wheth- 
er Physiography can yet be called a separate science is not discussed in this 
series, so far as we know, but it is, we think, properly assumed, that a well- 
defined and well ordered series of facts connected with the study of the uni- 
verse may rightly beset forth under the new title of Physiography. 

A glance at this book shows that its author has drawn freely from the 
work of the New Astronomy, as it is now often called, in which the tele- 
scope, the spectroscope and the sensitive plate of photography are the chief 
instruments of research. In other words, the leading thought is to unfold, 
as far as known, the physical constitution of the heavenly ‘bodies, and put 
in secondary place the study of their exact positions and movements which 
the Old Astronomy so strongly emphasized. This is manifestly right in the 
preparation of elementary books on this subject, and more will be done in 
the same direction, in advanced studies in Astronomy, in the future, by the 
specialist and the physicist, because a demand for it is already apparent. 

The order of topics, as given in this book, is as follows: The celestial 
sphere, constellation definitions and explanations, general survey of the so- 
lar system, light and astronomical instruments, spectrum analysis, the 
physical and chemical constitution of the sun, description of the planets. 
the moon, its dimensions, orbit, rotation, phases, physical condition, 
eclipses; the tides; comets and meteors; the motions of the earth, changes 
in its orbit; measurement of the surface, size, and shape, mass, determina- 
tion of latitude and longitude; celestial measurements, gravitation and 
celestial masses; stars and nebule#; atmospheric and oceanic measure- 
ments; terrestrial magnetism; cosmogony, secular cooling of the earth, 
secular changes of climate. Then follows an appendix containing the Greek 
alphabet, time constants, trigonometrical functions, principal elements of 
the solar system, the transit circle, geological importance of tides, age of 
the earth, geological chemistry, and a colored plate of spectra at the end. 
In the appendix, we also find a set of examination papers and questions 
for review, which, more than any other single feature in the book, shows 
how this system of science and art training works. It seems to us that 
the author has done good work in the preparation of this text book. 





Books Received. 


A Handbook of Descriptive end Practical Astronomy, by George F. 
Chambers. (Volume) III. The Starry Heavens. 4th Edition. 

New Light from Old Eclipses, by William M. Page, C. R. Barnes Pub- 
lishing Co., St. Louis, Mo. 
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ASTRONOMICAL DOMES 


BUILT ON THE HOUGH SYSTEM 





Possess the following advantages 
over all others: 

Minimum weight of rotating parts. 

Ease of rotation and lateral stability at- 
tained by the use of adjustable stationary 
anti-friction wheels. 

An opening continuous from horizon to zen- 
ith. 

A shutter that closes weather-tight, will not 
bind, and can be quickly and easily operated. 

Simplicity of construction, durability and 
cheapness. 

The anti-friction wheels and shutter can be 
applied to existing domes with slight altera- 
tions and small expense. 





A Dome built on the new method may be seen at the Dearborn Observatory, 
Northwestern University, Evanston, Ills. 
For further particulars and estimates of cost address, 


WM. SCHERZER, C. E., 


509 Home Insurance Building, Chicago, Ills. 





Quinine Overcoats. 


Few people have any idea of the amount of quinine that is consumed in 
a period of time, or of that sold by a single dealer in the drug. Extrava- 
ant stories have been told by individuals as to the amount of the alcho- 
oid which they have consumed, and if it had not been quantity sufficient to 
have put them in a wooden overcoat it would probably, converted into 
cash, provide a comfortable top coat for winter wear. This time of year 
overcoats are out of season, and the question uppermost is how to keep 
cool and where. Rest and recreation come in that line. Thoughts of this 
kind should lead one to inquire of any agent of the Minneapolis and St. 
Louis Railway as to summer rates to tourist points in all parts of the coun- 
try, or for a short fishing excursion. Any special information will be 
a furnished upon application to C. M. Pratt, G. T. & P. A., Minne- 
apolis 








KF ‘ L TELECSOPE. A 3-inch astronomical telescope, 3 eye- 
e Pieces and prism, superior lenses. Telescope nearly new. 

Will sell it cheap if taken soon. FRANK L. SMITH, 25 Elm St., Oshkosh, Wis. 
F ™ L OBJECT GLASS. A first-class Object Glass (made by 
e Reinfelder & Hertel, Munich, Germany), 5% inches clear 


aperture by 76 inch focus, inclusive, 3 Huygenian eye pieces, 1 sun glass, 1 Venus glass and 
sleeve for cye pieces, for $180.00. Address D. APPEL, 11 Holyoke PI., Cleveland, O. 
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The H. RK. Spencer Optical Co., 


CLEVELAND, OHIO, 
SUCCESSORS TO H. R. SPENCER & CO., OF GENEVA, N. Y., 


—MANUFACTURERS OF— 


Astronomical « Jnstruments 


AND MICROSCOPE OBJECTIVES. 








Telescope Object Glasses of any desired focal Length 
— Short Focus Glasses a Specialty. 


Our New Formula Short Focus Astronomical and Terrestrial Tele- 
scopes embody many optical advantages besides the mechanical advan- 
ages of increased stability in their mounting and adaptability of large in- 
struments to small observatories. 

We make a specialty of small telescopes, of a very superior quality, for 
Astronomical and terrestrial purposes. 

Estimates for object glasses, mounting, steel domes, and complete ob- 
servatory outfits furnished on application. 

Price list free. 


THE H. R. SPENCER OPTICAL CO., 


21-29 SENECA STREET, CLEVELAND, O. 





ASTRONOMICAL 


THLESCOPHS, 


EQUATORIAL MOUNTINGCS, 
With and Without Circles. 


DRIVING CLOCKS, 
ACHROMATIC OBJECTIVES IN CELLS, 
NEGATIVE AND POSITIVE EYE-PIECES, 
DIAGONAL PRISMS. 
HELIOSCOPES, SPECTROSCOPES, 
CHRONOGRAPHS, 

TRANSIT INSTRUMENTS. 
PHILADELPHIA: 


JAMES W. QUEEN & CO., 


No. 924 Chestnut Street. 


SB SEND FOR CATALOGUE. 
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Minneapolis & St. Louis 


RAILWAY 


AND THE FAMOUS 


“A\lbert Lea Route.” 





TWO THROUGH TRAINS DAILY 
FROM ST. PAUL anp MINNEAPOLIS To 


Chicago, St. Louis 


-—AND— 


Kansas City. 


WITHOUT Bony CONNECTING WITH THE FAST 
TRAINS OF ALL LINES FOR THE 


East, Southeast, South, Southwest, 
and Pacific Coast Points. 


SHORT AND DIRECT LINE TO 
DES MOINES, IOWA, 





WATERTOWN, DAKOTA. 





8S Close connections made with all trains of the 
Great Northern; Northern Pacific; St. Paul & Du- 
luth; Minneapolis, St. Paul & Sault St. Marie Rail- 
waysfrom and to all points 


NORTH AND HUMEH WEST. 








Comfortable Day Coaches, 
Magnificent Pullman Sleeping Oars, 
Horton Reclining Chair Cars, 


— aN bp 


PALACE DINING CARS. 


#@ 150 LBS. OF BAGGAGE CHECKED FREE. 
Fare always as Low as the Lowest! For Time 
Tables, Through Tickets, ete., call upon the nearest 
Ticket Agent, cr write to C. M. PRATT, 

Act’g Gen’l Tkt. & Pass. Agt., Minneapolis, Minn. 
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GO| NG WEST I 


Minnesota, North Dakota, Montana, 
Idaho, Oregon, Washington, 
California, British Columbia, and Alaska, 


Are all reached to the best advantage via the 


ORTHERN @ PACIFI 
RAILROAD— 


—THE— 


“Yellowstone Park and Dining Car Rouet’ 


Pullman Palace Sleeping Cars, 
Elegant Dining Cars, 
Furnished Tourist Sleeping Cars, 
and Free Colonist Sleepers. 


No other line runs Pullman Palace Sleeping Cars to Fergus Falls, Fargo, Crookston 
Grand Forks, Grafton, Winnipeg and Helena. 


Through Vestibuled Train Service Daily 


To all{principal Montana and Pacific Coast Points 


Via The Northern Pacitie Railroad 


THE SHORT LINE TO 
Helena and Butte, Montana, 
Spokane Falls, Washington, 
and Portland, Oregon, 
and the only all rail line to Tacoma and Seattle 


THE FAVORITE ROUTE FOR CALIFORNIA TOURISTS. 


For full information concerning rates, time, etc., call on or address your nearest ticket 
agent, any traveling passenger agent of the Company, or 









CHAS. S. FEE, 


General Passenger and Ticket Agent, 
ST. PAUL MINN. 
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